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THE CARNEGIE STEEL COMPANY. Limited. 


Has furnished 


ARMOR 


For the following named vessels of the United States Navy: 


FIRST-CLASS BATTLESHIPS. 
Oregon, 
Massachusetts, 
Indiana, 
lowa, 
Kearsarge, 
Kentucky, 
Illinois, 
Alabama, 


Wisconsin. 


DOU BLE-TURRET MONITORS. 
Puritan, 
Monterey, 
Amphitrite, 
Monadnock, 


Terror. 


ARMORED AND PROTECTED CRUISERS 
Brooklyn, 
New York, 
Olympia, 
Cincinnati, 
Raleigh, 
Columbia, 
Minneapolis, 
Detroit, 


Montgomery, 
Marblehead. 


GUN BOATS. 
Castine, Machias. 


HARBOR DEFENSE RAM. 


Katahdin. 


This Company has also furnished for nearly, if not quite all, of the vessels of 


STEEL, 


such as Boiler Plate, Hull Plate, Angles, Rounds, Flats, Squares, Ovals, Channels, 
Bulb Angles, Deck Beams, Tees, Zees, etc. 


the United States Navy, 


ANNUAL CAPACITY, 2,000,000 GROSS TONS OF STEEL. 


WORKS. 


Edgar Thomson Furnaces, 
Duquesne Furnaces, 

Carrie Furnaces, 

Lucy Furnaces, 

Edgar Thomson Steel Works, 
Edgar Thomson Foundry, 
Duquesne Steel Works, 
Homestead Steel W orks, 
Keystone Bridge Works, 
Upper Union Mills, 


Lower Union Mills. 


OFFICES. 

GENERAL OFFICES: 
Pittsburg: Carnegie Building. 

SALES OFFICES: 
Atlanta: Equitable Building. 
Boston: Telepr Building. 
Buffalo: Germa... ‘rance Building. 
Chicago: Marquette Buildi:g. 
Cincinnati: Neave Building. 
Cleveland: Perry-Payne Building. 
Denver: People’s Bank Building. 
Detroit: Hammond Building. 
London, Eng.: 47 Victoria Street. 
Minneapolis: Guaranty Loan Building. 
Montreal: Bell Telephone Building. 
New York: Empire Building. 
Philadelphia: Harrison Building. 
St. Louis: Chemical Building. 
San Francisco: 258 Market Street. 
Washington: National Safe Deposit Building. 
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Entered at the Post Office of New York. N. Y.. as second class matter. 


FIRST-CLASS BATTLESHIP ‘INDIANA.’ 

Displacement, 10.288 tons. Speed. 15°5 knots. Maximum Coal Supply, 1,597 tons. Complement, 473. Armor: Belt, 18 in.; deck, 234 in.; barbettes, 17 in.; turrets, 
15 in.; casements, 6in. Guns: Main battery, four 13-in., eight 8-in., four 6-in. slow-fire; secondary rapid-fire battery, twenty 6-pounders, six 1-pounders, 
four Gatlings. Torpedo tubes, two, Authorized 18%). 
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of the new navy, and the three vessels made an ex- 
‘remely handsome appearance, which quickly caught 
the eye and won the favor of the American people. 
The * Boston” has been in practically continuous ser- 
vice sinee her launch, and the ** Atlanta” and * Chi- 
cago” are now at the New York navy yard, where 
they are being re-engined and boilered and are receiv- 
ing a battery of modern rapid-fire guns. 

Two years elapsed before Congress again supple- 
mented its modest beginning of a navy by a further 
appropriation. In 1885 an aet was passed authorizing 
the construction of two ernisers and two gunboats, in 
accordance with whieh the ‘ Newark,” a protected 
cruiser of 4,098 tons and 19 knots speed, and the gun- 


SCIENTIFIC AMERICAN SUPPLEMENT, . $5 A YEAR. | 
SCIENTIFIC AMERICAN AND SUPPLEMENT, $7 A YEAR. | 
Catalogue of valuable papers published in ScrENTIFIC AMERI- 
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THE SHIPS OF THE UNITED STATES NAVY. 
HISTORICAL. 

FIFTEEN years agothe United States navy, inthe mod 
ern sense of the term, did not exist Ata time when the | 
other great maritime nations of the world were build 
ing powerful fleets of iron and steel battleships and 
cruisers, equipped with the latest products of the armor- 
plate mills and gun factories, the United States, bent 
apon enjoying the piping tiiues of peace and with little! 
thought or fear of foreign complications, paid little at 
tention to its navy, and was, in consequence, represent-! 
ed upon the high seas by a fleet of antiquated wood fri- 
gates—ships which had been excellent craft in their 
day and generation, but whieh, in comparison with 
the up-to-date battleships of a later time, were alto 
yether unworthy to represent this great nation upon 


the high seas. If the gentle reader should deem the 
pieture overdrawn, let him listen to the words of Mr. 
Frank M. Bennett, of the United States navy, in speak 
ing of the ships of that day ‘A sense of humiliation 
dogged the American uaval officer as he went about 
his duty iu foreign lands. In the far East, in the lesser 
countries along the Mediterranean Sea, and even in the 
seaports of South America people smiled patronizingly 
upon him and from a sense of politeness avoided speak 
ing of naval subjects in his presence. None but naval 
officers and a few Americans who happened to be 


abroad comprehended just how insignificant and cheap 
the great republic appeared in the eyes of the world at 
and about the time mentioned.” 

To anyone who is familiar with the glorious history 
of the American navy it seems incredible that, in the 
two decades that had intervened since the brilliant 


operations of the civil war, its status should have fall- 
en to such a low degree. As a matter of fact, how- | 
ever, at the close of the war silence fell upon the busy 
doekyards of the navy—a silence which was to be prac 
tically unbroken for the next twenty years. All the 
accumulated experience of the previous four years, and 
the novel types of ships in which it was embodied, 
were laid open as a kind of reference library or sehoo! 
of instruction for the warship builders of the world at 
large. Foreign naval constructors were not slow to 
learn therein. and the student of naval progress must 
cross the water if he would follow the development of 


ships, guns and armor during the two decades which 
followed the close of the war. It was as though the 
nation, utterly sick and weary of the very suggestion 
of war, had banished all thought of its implements and 


material from its mind. The shipbuilders of the old 
world took up the task where we had laid it down, and 
industriously developed the fundamental ideas contain- 
ed in our Merrimae™ and Monitor.” 

Hence it was that the people of the United States 
found themselves, in the year 1883, to all intents and 


purposes, without a navy ; and with the conviction that 
a start should at once be made in the work of recon 
‘truction, an act was approved which authorized the 
building of three steel cruisers, two of which were to 


be of about 3,000 tons and one of about 4,509 tons dis 


placement, together with a dispatch boat of about 
1,500 tons. The construction of these ships was under- 
taken by John Roach. The * Dolphin” was completed 
in his vards; but, owing to the unfortunate failure of 
Mr. Roach before they were finished, the other three 


ships bad to be taken over and completed by the gov 
ernment. The “Atlanta” and Bos‘on” were sister | 
ships of what is now known as the protected cruiser | 
type, in which protection against shell fire ‘is afforded | 
by a continuous curved deck of steel located at about | 
the water line level. They were armed with 8-inch and 
6-ineh breech-loading riftes, and had a trial speed of | 
about 154g knots per hour, motive power being fur- | 
nished by single screw horizontal compound engines. 
The ‘*Chieago” was also a protected eruiser, but 
was much larger and more powerful. Her arma. 
ment consisted of four 8-inch, eight 6-inch and two 
5-inch rifles, and her curious twin-serew compound 
overhead beam engines gave her a speed of about 
16 knots per hour All three of the ships were 
furnished with full sail power, the ** Atlanta” and 
**Boston” being rigged as brigs and the “Chi-| 


cago” as a bark. White was adopted as the color | 


j ment of four 10-inch guns. Protection is farnished by 


| which eharaeterized the earlier cruisers disappear, and 


| speed of 21°42 Knots per hour. She was provided with 


boat * Yorktown,” of 1,710 tons and 16°14 knots, were 
built by the Cramps, of Philadelphia. The ‘‘ Charles- 
ton,” of 3,730 tons and 18°20 knots speed, was built 
by the Union Iron Works, San Franciseo, and the gun- 
boat * Petrel,” of 892 tons and 11°83: knots speed, was 
built by the Columbian [ron Works, of Baltimore. 
The act of 1886 secured a most valuable addition to 
the small but growing navy by authorizing, in addition 
to several new ships, the completion of the five power- 
ful monitors whose keels had been laid as far back as 
the year 1874. Work had been carried on upon them 
in a desultory manner, and, in 1886, they consisted of 
nothing more than the hull and engines. Four of 
these—the ‘“‘Amphitrite,” ‘‘ Miantonomoh,” Monad- 
and Terror”—are identical in size, being of 
3,990 tons displacement. Their engines are of the old 
fashioned twin-serew inclined compound type, but 
they have been overhauled and put in good shape and 
new boilers have been furnished. They have a speed 
of about 12 or 13 knots an hour and a powerful arma- 


7-ineh continuous belts of steel and from 71¢ to 1144- 
inch armor on the barbettes and turrets. The fifth 
monitor is the ‘ Puritan,” a powerful ship of 6,060 
tons. As reconstructed, she carries the fuli battery of 
a first-class battleship, viz.: Four 12-inch guns and six 
t-inech rapid-fire guns, and her armor is from 6 to 14 
inches in thickness. Although the work on the moni- 
tors was one of reconstruction, it was probably the 
most Valuable of all that was authorized in this year 
for the new navy. 

The other provisions of the act of 1886 called for the 
construction of the ** Texas,” a second-class battleship 
(the first battleship of the new navy), the protected 
cruiser * Baltimore,” the armored cruiser ** Maine,” the 
dynamite cruiser *‘ Vesuvius” and the torpedo boat 
Cushing.” The plans of the Texas” and the Bal- 
timore” were purchased in England. The ‘** Texas” 
plans were drawn up by a well-known designer, Wil- 
liam John, and the ship was built at the Norfolk navy } 
yard. The * Baltimore” plans were purchased from 
the Armstrongs, and, after important changes had 
been made in them by the builders, the ship was con- 
structed by the Cramps, of Philadelphia. In connee 


tion with this purehase of foreign plans, it must be 
borne in mind that steel warship construction was at | 
this time a comparatively untried science and art in | 
the United States, whereas the country from which | 
the plans were purchased had been engaged in this 
class of work uninterruptedly for a quarter of a cen- 
tury. The ‘*Texas” has had a somewhat checkered 
eareer ; but the ‘ Baltimore” won favor, both by 
her fine appearance and her performance, from the 
very day of her launch. The “ Texas” is a 6,315 
ton ship, of 178 knots speed, carrying two 12-inch 
guns in turrets within a central barbette of 12-inch 
steel, besides a secondary battery of six 6-ineh 
guns. The ‘ Baltimore” is a protected cruiser of 4,413 
tons and over 20 knots speed. She earries four 8-inch 


and six 6-inch guns at a considerable elevation above 
the water line. In ber the lofty masts and the yards 


she carries simply two military masts provided with 
fighting tops. 

The ** Maine,” like the ‘‘ Texas,” marked the intro- 
duction of a new type of ship into the new navy. She 
was kuown at the time as an armored cruiser, her pro- | 
tection consisting of a 12-inch belt of steel associated 
with a protective deck of 2-inech steel. The heavy 


armament of four 10-inch and six 6-inch guns really 


entitled the ** Maine” to be called a second-class battle- 
ship. She was a vessel of 6,682 tons displacement and 
17°45 knots speed. 

The dynamite cruiser ‘‘ Vesuvius” was given a dis- | 
placement of 930 tons, and on her trial she showed a 


pneuwatiec dynamite guns for the discharge of shells 
containing 200 pounds of dynamite. The guns were 
rigidly fixed three abreast in the bow, and they were 
trained on the target by the steering of the vessel. 
The torpedo boat, which was named the ‘ Cushing,” 
showed a speed of 224 knots per hour. 

Five vessels were authorized in the following year, 
the monitor ** Monterey,” of 4,084 tons and 134g knots 
speed, built at the Union Iron Works, San Francisco ; 
the protected cruiser ‘‘ Philadelphia,” of 4,324 tons and 
19°68 knots speed, built at the Cramps; the protected 
eruiser ‘‘San Franeciseo,” 4,098 tons and 19°53 knots 


speed, built at the Union Tron Works, San Francisco ; 
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and the gunboats **Coneord” and “ Bennington,” o 
1,710 tons and about 17 Knots speed, built at Chester 
Pennsylvania. 

The following year, 1888, saw the good work o' 
building up the navy still going on apace, and no les 
than eight ships were authorized. Of these the most 
notable and successful was the armored cruiser ** New 
York.” She marked a great advance in size and speed 
over anything that had yet been attempted, her dis- 
placement being 8,200 tons and her speed 21 knots. 
The ** New York” marked the point at which our ships 
began to take on a clearly defined individuality of 
their own, and those features of heavy armament, 
powerful and thorough protection and high speed 
which characterize our vessels were all conspicuous in 
this fine ship. She carries as her main armament six 
8-ineh rifles in steel barbettes, besides twelve 4-inch 
rapid-fire guns in the secondary broadside battery. A 
premium of $50,000 for every \4-knot in excess of the 
contract speed of 20 knots won for her builders, the 
Cramps, a bonus of $200,000. Equally successful was 
the proteeted cruiser ‘‘Olympia,” of 5,870 tons and 
21°78 knots speed, built by the Union Iron Works, of 
San Franciseo. For this speed she earned for the 
builders the enormous bonus of $300,000. Two sister 
ships, the protected cruisers ‘ Cincinnati” and “ Ra- 
leigh,” of 3,213 tons and 19 knots speed, were also au- 
thorized in this year, the former being built at New 
York and the latter at the Norfolk navy yard. The 
other ships of the programme were the three cruisers 
** Detroit,” “* Marblehead ” and ** Montgomery,” of 2,089 
tons and 18!g knots speed, and the training ship 
Baneroft.” The Detroit” and ** Montgomery were 
built at the Columbian Iron Works, Baltimore ; the 
‘**Marblehead” by Loring, of Boston ; and the * Ban- 
croft” by 8S. L. Moore & Sons, Elizabethport, N. J. 

In the year 1889 two gunboats, the *‘ Castine” and 
**Machias,” of 1,177 tons and 16 knots speed, were au- 
thorized, together with the harbor defense ram Katah- 
din. All three vessels were built by the Bath Iron 
Works, Bath, Me. The ram was formerly known as the 
**Ammen,” after Rear Admiral Ammen, United States 
navy, her designer, who has always been an ardent ad- 
voeate of the ram for offensive purposes. This is a 
strictly original craft, nothing of the kind being found 
in any other navy. It relies entirely upon the ram for 
its offensive power, the armament consisting of a few 
light rapid-fire guns, for use against torpedo boats. 

The next decade opened with brilliant promise for 
the future of the new navy. In the year 1890 was 
passed an act authorizing the construction of three 
first-class battleships, a protected cruiser of 7,500 tons 
and 21 knots speed, a 750 ton torpedo gunboat and a 
torpedo boat. This resuited in due course in the addi- 
tion to the navy of the “ Indiana,” ‘* Massachusetts” 
and ** Oregon”—the three most powerfully armed and 
armored ships in: the world—together with the ‘‘ Co- 
lumbia,” the swiftest cruiser of her size afloat, and the 
torpedo boat “ Eriesson.” The “ Indiana,” ‘‘ Massa- 
ehusetts” and “Columbia” were laid down at the 
Cramps’ yard and the ‘‘Oregon” at San Francisco. 
The * Eriesson” has the distinetion of being built in the 
very heart of the United States—at Dubuque, Ia., from 
which place she was brought to the seaboard by way 
of the Mississippi. It was in the design and construc- 
tion of this remarkable quartette of big ships that the 
United States showed to the world that they had lost 
none of their former originality and skill in naval con- 
struction. The combined efforts of sueh men as 
Hichborn, Bowles, Melville, Sampson, and Harvey of 
armor plate fame, had produced in a brief half dozen 
years warships which, in power to steam far and fast 
and give and take the hard blows of a naval fight, 


| were farin advance of anything afloat at that day. 


The “Columbia” to-day holds the naval record for 
continuous sea speed across the Atlantie, having 
erossed at the average rate of 18-41 knots for the whole 
distance ; and on her trial trip she eclipsed all previous 
records for speed by maintaining an average of 22°8 knots 
on a four hours’ continuous trial. This performanee 
seeured for her builders a bonus of $350,000. Elsewhere 
in this number will be found a detailed deseription of 
the ships of this programme, and it must suffice us to 
say, in this article, that some of the improvements in- 
corporated in the © Indiana”—notably the use of Har- 
vey steel--imarked an advance in naval construciion 
comparable only to the appearance of Ericsson’s Moni- 
tor, some thirty years before. 

In the following year Congress was apparently satis- 


| fied to authorize the construction of only one ship, the 


‘** Minneapolis,” a sister to the “‘Columbia.” She was 
built at the same yard and achieved a speed of 23°07 
knots on a four hours’ trial run. 

The year 1892 was marked by the authorization of 
one sea-going battleship and one armored cruiser. The 
result is seen in the “Iowa” and the “ Brooklyn.” 
The “Towa” is of 11,340 tons displacement and about 
16 knots speed, as against 10,288 tons displacement for 
the “Indiana” type. Her armor was lighter, but of 
greater resisting quality; and to give her better sea- 
going qualities she was given higher freeboard, her 
forward 12-ineh guns being earried about 8 feet higher 
than those of the “Indiana.” The “ Brooklyn” is an 
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enlarged ** New York.” Her displacement is 9,215 tons ; 
sped, 21°91 knots, and protection is afforded by a belt 
of ) inch steel associated with a deck of steel from 3 
inches to 6 inches in thickness. Like her prototype, she 
carries a ain armament of 8-inch guns, of which she has 
8 disposed in four steel turrets ; she also carries twelve 5- 
incl: rapid-fire guns, These are two of the most popular 
ships of the new navy, and are probably the best known 
of our later war vessels in Europe, the ‘* New York” 
having represented this country at Kiel at the opening 
of the Baltie Ship Canal, the *‘ Brooklyn” doing duty 
at the Jubilee naval review last year in Great Britain. 

ln 1893 Congress authorized the construction of three 
gunboats, the * Nashville,” “* Wilmington” and * Hel 
ena,” each of 1,392 tons displacement and from 15 to 16 
knots speed. They are given considerable beam and 
shallow draught and are designed for operations in 
shallow harbors and rivers, for which purpose, also, they 
are furnished with twin rudders of considerable area. 
In this year, also, authority was given to construct a 
submarine torpedo boat of the Holland type. This 
eraft is nearing completion at the Columbian Iron 
Works, Baltimore, and for details of her construction 
the reader is referred to the iilustrated description given 
elsewhere in this issue. 

lu the following year the navy secured the very mod- 
est addition of three torpedo boats, the ‘* Foote,” 
‘*‘Rodgers’’ and 


* Winslow,” each of 4° 


contracts were let for the construction of three first- 
class torpedo boats of 304¢ knots, three of 224g knots 
and four of 20 knots speed. The competition for the 
construction of this bateh of torpedo boats brought 
into the field another Pacific coast firm, Wolff & 
Zwicker, of Portland, Oregon. 

The torpedo boat fleet was increased in the following 
year by the authorization of three large and fast de- 
stroyers—the * Stringham,” the “ Goldsborough” and 
the * Bailey.” The first of 340 tons displacement and 
30 Knots speed and the other two of 247 and 235 tons 
and 30 Knots speed. 

The appropriation recommended on April 1 of this 
year calls for the construction of three first-class battle- 
ships of 12,000 tons displacement ; twelve torpedo boat 
destroyers and twelve torpedo boats. The addition of 
twenty-four torpedo craft fills a serious gap in the 
otherwise very complete classification of the ships of 
the United States navy. Judged by the proportions 
adopted in the other navies of the world, we have 
always been weak in the matter of torpedo boats and 
When the programme of construction 
above given has been completed, however, we shall 
possess a fleet of twenty-six torpedo boats and twenty 
destroyers of from 29 to 31 knots speed. 

At the opening of this brief historical review of the 


destroyers, 


navy we found that America was practically unrepre- 


142 tons and 
knots speed. The 
contract was given 


to the Colambian 
Iron Works, Balti- 
more, 

In 1895 the good 
work of building up 
our first line of bat- 
tle was again taken 
up, an appropriation 
being authorized for 
building the two 
first-class battleships 
“Kentucky” and 
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Kearsarge,” each 
of 11,525 tons and 
i6 Knots speed. 
These fine ships, 
which have just been 
launched, are armed 
like their predeces- 
sor with 13-inch and 4p mored deck 

8-inch guns, the lat- > 
ter being superim- 
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posed upon the for- tH, 
wer in double-deck 
turrets. They carry 
an amidship broad- 


side battery of four- 


teen 5-inch rapid-fire 
guns and mark a con- - 
siderable advance in perth Meet 


efficiency upon the 
earlier ships. The 
double-deck turrets 

were adopted after == 
much debate among : 
our naval experts, 
and their perform- 
ance will be watched 


with much curiosity. 


In the same year six 
light-draught gun- 
boats of composite 
construction were 
ordered, which are known as the ‘‘Annapolis” class. 
They are of 1,000 tons displacement and carry a battery 
of 4-ineh rapid fire guns. Our torpedo boat flotilla was 
also strengthened by the addition of three torpedo boat 
destroyers, the Porter,” Dupont” and Rowan,” of 
2714 knots speed and about 190 tons displacement. 
These were our first attempts in the direction of the 
larger and faster types of torpedo boats, and the 
* Porter” achieved a speed of 28°63 knots, or 1°13 knots 
in excess of her contract speed. The contract for the 
* Porter” and “Dupont” was let to the Herreshoff 
Company, Bristol, R. L., and the ‘“‘ Rowan” was allotted 
to the Moran Brothers Company, of Seattle. 

In 1896 the authorizations were made for a building 
programme which is now well under way. Its most 
important feature is the three powerful sea-going bat- 
tleships ‘‘Alabama,” “Tllinois” and ‘* Wiseonsin,” of 
11,525 tons displacement and 16 knots speed. These 
ships have the high freeboard which characterizes the 
‘lowa,” but their batteries are far more powerful, con- 
sisting of four 13-inch rifles and fourteen 6 inch rapid- 
fire guns disposed on two decks. The belt, barbette 
aod casement armor is of face-hardened Harvey steel, 
and the protection is probably the most complete that 
was ever put upon a battleship. The “Alabama” is 
being built by the Cramps, the “ Illinois” by the New- 
port News Shipbuilding Company, and the ‘* Wiscon- 
sin” by the Union Iron Works. In the same year 
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(All parts above the water line, shown by dotted lines and light shading, might be shot away without destroying the fighting power of the ship.) 
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| sented upon the high seas. At its close we find her pos- 
| sessed of a small but compact and homogeneous fleet 
jcontaining some of the most efficient ships in the 
world. In 1883 we were not merely without the ships, 
| but without the tools, the plant or the knowledge 
| necessary to their construction. The task of cre- 
;ating a modern navy involved the task of creating 
the costly plant for the manufacture of ships, guns 
jand armor. The double duty was confidently 
undertaken, and, working with a free hand, we 
| have taught the nations of the old world better and 
|cheaper methods of manufacture, and have thereby 
repaid many times over the assistance and suggestions 
which were rendered in the earlier years of our 
progress. 
THE CONSTRUCTION AND CLASSIFICATION OF 
MODERN WARSHIPS. 

THE modern warship is an ever popular subject with 
| the readers of the illustrated press. This is proved by 
|the tenacity with which guns, ships and armor hold 
| their place as conspicuous subjeets for the pen and the 
|brush. It is a question, however, in spite of the fa- 
| miliarity of the publie with the technical phraseology 
of the warship, whether the average reader has a very 
/aceurate idea of the distinetions between the various 
| classes of ships and between the various elements from 


| ] SHIELO 


| the combination of which these ships derive their dis- 
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tinctive class characteris: ics. He is told that the In- 
diana” is a battleship, the *“‘ Brooklyn” an armored 
cruiser, the ‘‘Columbia” a protected cruiser, and the 
Puritan” a monitor. But it is probable that he has 
only a vague idea as to what qualities it is that mark 
the distinction, or why the distinctions should need to 
exist at all. 

With a view to answering these questions in a gen- 
eral way, we have prepared three diagrams and a per- 
spective drawing which show the constructive fea- 
tures of the several types of warship to which 
we have referred above. In diagrams 1 to 3 the 
armor is indicated by full black lines or by shading, 
the approximate thickness of the armor being shown 
by the thickness of the lines and the depth of the 
shading. The fine lines represent the unarmored por- 
tions or the ordinary plating of the ships. In the per- 
spective view the armor is shown ‘by full lines and 
shading and the ordinary ship plating by dotted lines. 

When the naval architect sits down at his desk to 
design a warship of a certain size, he knows that there 
is one element of the vessel which is fixed and unal- 
terable, and that is her displacement. By displace- 
ment is meant the actual weight of the ship, which is, 
of course, exactly equal to the weight of water which 
she displaces. This total weight is the capital with 
which the architect has to work, and he uses his judg- 
ment in distributing 
it among the various 
elements which go to 
make up the ship. 
Part is allotted to 
the hull, part to the 
motive power, part 
to the armor protec- 
tion, part to the 
guns, and part to the 
fuel, stores, furnish- 
ing and general 
equipment. 

It is evident that 
the allotment of 
weights is a matter 
of com promise— 
whatever excess is 
given to one element 
must be taken from 
another; else, the 


AA 


ship will exceed the 
given displacement. 

ee 
Among the elements 


above mentioned 

Ss there are some, such 
as weight of hull, 
provisions, stores, 
and furnishing, 
which for a given 
size of ship will not 
vary greatly. There 
are other elements, 
such as guns, armor, 
engines and fuel-sup- 
ply, which may vary 
considerably in dif- 
ferent ships, aceord- 
[== ing to the type of 
vessel that is pro- 
duced. If, for in- 
ae stance, the architect 
= is designing an ex- 
tremely fast ship of 
type No. 1, which has 
a speed of 23 knots, 
he will have to allot 
such a large amount 
of weight to the motive power that he will only be able 
to give the ship very slight armor protection and a com- 
paratively light battery of guns. If he wishes to pro- 
duce a fast ship that shall be more heavily armed and 
armored, he has to be content with less speed, say 20 or 
21 knots, as in No. 2, and the weight so saved on the 
motive power appears in the shape of a side belt of 
armor at the water line, more complete protection for 
the guns in the shape of barbettes and turrets and con- 
siderably heavier armament. If, again, he desires to 
produce a ship capable of contending with the most 
powerful ships in line of battle, as in No. 3, he is con- 
tent with much lower speed, say 16 or 17 knots an hour, 
and he inereases the power of his guns until they 
weigh over 60 tons apiece, and protects them with 
great redoubts and turrets of steel 14¢ feet thick, be- 
sides protecting his water line in the region of the 
engines and boilers with a belt of steel of the same 
dimensions. 

The swift and lightly armed and armored ship is 
known as a protected cruiser ; the less speedy but more 
heavily armed and armored ship belongs to the arm- 
ored cruiser type, and the slowest ship, with its ca- 
pacity for taking and giving the heaviest blows that 
modern guns can inflict, is known as a battleship, 

In the construction of a warship the two qualities of 
attack and defense have to be supplied. The offensive 
powers are furnished by the guns, the torpedoes and 
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“INDIANA”—A 
the ram ; the defensive powers are provided by giving | 
the ship a complete double bottom and an abundance | 
of watertight compartments, and by providing it with | 
as much armor plating as it will carry to keep out the| 
shells of the enemy. ‘The greatest danger to whieh a} 
warship is exposed is that of being sunk either by 
under-water attack by torpedoes or the ram, or by be-| 
ing penetrated at the water line by heavy shell fire. | 
The destructive foree of a torpedo is so great that all} 


that can be done is to localize its effects. For this | 
purpose, and also to give greater structural strength, | 
the hull below the water line is built double—a hull} 


within ahull, The longitudinal and transverse plate | 
framing of the ship is built in between these shells, 
which are known as the inner and outer bottoms, and 
the space is thus divided into innumerable watertight 
There is a possibility that a 
the outer shell 


compartments or cells, 
that 
rupture the inner shell; but if it should, the intlow of 
water is confined to a limited portion of the hull by | 
dividing the latter by and longitudinal 
walls or bulkheads of plating. A blow that 
both outer and inner shells would only admit water to 


blow would burst in might not 


transverse 
burst in 


one of inany compartinents, and the ship would still 
have a large reserve of buovancy. 

In protecting warships against shell-fire it is recog 
nized that there are certain parts of the ship which are 
of paramount importance, inasmuch as their disable 
ment would leave it at the merey of the enemy. These 
are the “vitals” of the ship, and they comprise the 
magazines, the boilers, the engines and the steering 
gear. If a shell penetrated the magazines, it would be 
liable to result in the blowing up of the whole ship, 
and if it entered the boiler, engine or steering rooms, 
it would probably render the ship unmanageable, in 
which event she would run the risk of being rammed 
and sunk by the enemy. 

tn all warships the vitals are covered by a complete 
protective deck of steel. which varies in thickness from 


14g to Sinches. The highest part of the deck is generally 


“ INDIANA” 


100,000 CANDLE POWER SEARCH LIGHT. 


at a slightly higher level than the water 
line amidships, and it curves down at 
each end to meet the bow and the stern. 
In the battleships this deck is generally 
flat from side to side amidships for about 
At 
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two-thirds of the ship’s length. 


sides it rests upon a wall of vertical armor 
from 15 to 18 inches in thickness, which 
extends in the wake of the magazines, 
engines and boilers. This side armor is —- 
usually about 714 feet in height, 3 feet of 
it being above and 444 feet below the water 
the side armor a 
extends 
rectangular wall 
with its roof of 3-ineh steel thus forms a 
sheltered 
mentioned 
of the ship. At each end of this in- 
verted box two huge barbettes, with walls 


line. 
transverse 
across 


kind 
below 
vitals” 


At 


of 
which 


each 


inverted 


are 


end 
wall of 
the ship. 


of 


arinor 


This 


box, 
the 


snugly 
before 


the 


clear 


15 to 17 inches thick, are built up to a few Wey - af! 


feet above the main deck, and just within 
and above them revolve a pair of turrets 


“ INDIANA’ SIGHTING THE GUNS IN THE SIGHTING 
HOOD OF 13-INCH GUN TURRETS. 


“INDIANA”’—EXTERIOR VIEW OF 6-INCH GUN AND CASEMENT. 


THE STARBOARD QUARTERS, SHOWING THE 13-INCH, 8- INCH AND 6-INCH GUNS, 
18616 


with walls of 15to 17 inch steel. (See perspective view.) 
The turrets give shelter to the big guns, of which 
there are a pair in each, and the barbettes protect the 
turning gear by which the turrets are rotated. There 
is thus a continuous wall of 15 to 17-inch steel extend- 
ing from 4 feet below the water line to the roofs of the 
turrets. 

With this description in mind the reader will see, on 
looking at diagram No. IIL., that before heavy shells 
can injure the engines, boilers or guns, they must pass 
through from 15 to 18 inches of solid and, in the case 
of American battleships, face-hardened Harvey steel. 
The 6-inch and 8-ineh guns are protected by 6 and 8 
inches of steel. 

Now it can readily be understood that all this amount 
of heavy armor and guns adds greatly to the weight of 
the ship, and for this reason, in spite of her smaller en- 
gine power, a first-class battleship rarely displaces less 
than 10,000 tons, and in some foreign navies the dis- 
placement runs up to nearly 16,000 tons. This will be 
understood by reference to the perspective view, where 
the armored portions of the ship are indicated by full 
lines and shading, the ordinary shell plating being dot- 
ted. It will be seen that all that part of the ship lying 
below the water line is shut in by a continuous roof of 
steel which is 3 inches in thickness forward and aft of 
the bulkheads. Over the central armored citadel it is 
234 inches thick. All the plating indicated by dotted 
lines might be shot away without the “ vitals” suffer- 
ing injury or the ship being sunk. The reader will 
see that it is its loftier sides and the extra deck and 
freeboard which they provide which constitute practic- 
ally the difference between a battleship and a monitor. 

This brings us to the consideration of the monitor 
type. Take away from a battleship all that portion 
which is shown in our drawing in dotted lines above 
the water line ; lower the barbettes until they rise only 
a few feet above the steel deck, and we have a ship of 
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the general monitor type. The monitor is distinguished 
by very low freeboard—only a few inches in the ex- 
sine me type—the absence of a heavy secondary battery 
and the possession of a main armament of heavy guns. 


intended for service at any distance from the coasts, 
To make a seagoing vessel out of her it would be neces- 
sary toadd one, or even two decks, placing the guns 


well up above the water, after which changes she 
would be no longer monitor, but seagoing battleship. 
in the cruiser type the protective deck does not ex- 
tend across the ship at one level, but curves down to 
meet the hull at a point several feet below the water 
line. This sloping portion is made thicker than the 
flat portion, as in diagram No, IL, where the deck is 3 
inches thick on the flat and 6 inches on the slopes. In 
the ease of the armored cruisers, a belt of vertical 
ariuor is carried at the water line and in all cruisers the 
\-shaped space between beit and sloping deck is filled 
in with coal or with some form of water-excluding ma- 
terial, such as ecornpith cellulose. In diagram II., which 
represents the fine armored cruiser ‘* Brooklyn,” it will 
be seen that before it could reach the engine room a 
shell would have to pass through 3 inches of verti- 
eal steel, about 6 feet-of coal and 6 inches of in- 
clined armor—a total resistance equal to 14 or 15 inches 
of solid steel. The guns and turning gear are protected 
by 5tg-ineh steel turrets and 8-inch barbettes. The bar- 
bettes, it will be seen, do not extend continuously 
down to the armored deck, as in the battleship, for this 
would require a greater weight of armor than can be 


Such aship labors heavily in bad weather ‘and is not 


BATTLESHIPS. 


THE battleship and the cruiser of a modern navy hold 
the same mutual relation as the three-decker and the 
swift frigate in the days of the sailing ship. 


fleet set sail in the olden days to find the 
enemy and bring him to battle upon the 
high seas, the heavy and somewhat slow 
line-of-battle ships kept together in a me- 
thodical formation, while the frigates 
cruised at a distance of several miles, 
where they could report the first appear- 
ance of the enemy and signal to the main 
fleet his position and maneuvers. When 
the main fleets had been brought within 
striking distance, the brunt of the battle 
fell upon the three-deckers, To-day the 
swift protected cruiser will perform the 
same duties for the heavily armored and 
more cumbrous battleships. When the 
attack takes place, it will be the battle- 
ships and armored cruisers that will de- 
cide the issue. Hence the battleships will 
constitute a nation’s main line of offense 
and defense upon the sea. A cruiser will 
avoid engagement with a battleship—it 
will be no disgrace to her if she shows it 
a clear pair of heels, trusting to her great 


When a 


Japanese and Chinese fleets—and the most, by far the 
most, important fact developed by that engagement 
was the correctness of the theories upon which modern 
battleships are designed. The brunt of the Japanese 
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speed for safety ; for she could neither hope to plerce | attack fell upon two somewhat antiquated battleships, 
the armor nor resist the great guns of the heavier| the “Ting Yuen” and ‘Chen Yuen,” and for several 


ship. 


hours the swift Japanese cruisers circled around these 


The battleship (see Fig. 3, page 3) is built to fight. |two grim ships of war, pouring in a perfect hail of 
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allowed. Consequently, the architect is only able to 
furnish the guns with a small armor-plated tube for 
protecting the ammunition in its passage from the 
magazines to the barbettes. 

In the protected cruiser the side armor at the water 
line disappears altogether, and dependence is placed 
entirely npon the sloping sides of the protective deck, 
the water-exeluding cellulose and the 6 or 8 feet of | 
coal which is stowed in the bunkers in the wake of | 
the engines and boilers. The barbettes, turrets and 
armored amiuunition tubes of the armored cruiser dis- 
appear, and their place is taken by comparatively 
light shields and easements of 4-inch steel which serve 
to protect the gun crews. 

It will be seen fromm the above description that each 
class of vessel is only fitted to engage ships of its own 
type. The protected cruiser ‘‘ Columbia ” (Ne. I.) might, 
with her light 6 and 4-inch guns, hammer away all day 
at the “Indiana” (No. III.} without being able to do 
much more than knock the paint off the latter's 18-inch 
armor, Whereas one well-directed shot from the 13-inch | 
guns of the “ Indiana” would be sufficient to sink or 
disable the **Columbia.” The “* Brooklyn” would fare | 
better, and at close range her 8-inch guns might happen | 
to penetrate the belt or turret armor of the “Indiana,” | 
but the issue of the duel would never be in doubt for | 
an instant. A “Columbia” or a ‘Brooklyn ” would 
show its heels to an “Indiana” or ‘* Massachu- 
setts,” and their great speed would give them the | 
option of refusing or accepting battle with almost any | 
craft that is afloat upon the seas to-day. 

It should be mentioned, in conclusion, that the 
dividing lines in the classification of warships are 
~omewhat flexible. We way find a battleship like the 
on ** Yashima” (Japanese), with a trial speed of 

‘s. On the other hand, wesee cruisers like the 

(Spanish), with a 12-inch belt and carrying 

of 11-inch caliber. 


rapid-fire shells, with occasional shells from their great 
| 66-ton guns ; yet the two battleships came out of the 
| fight with their armor and big guns practically intaet. 
The same deadly concentration of shell-fire would have 
' sunk a whole fleet of cruisers. Had the Chinese battle- 
|ships been manned by better crews, the Yalu would 
| have had another ending. 

The new navy of the United States is relatively 
strong in battleships. We have now twelve first-class 
ships of this type either built, building or authorized. 
Four, the ‘Indiana,’ ‘‘ Massachusetts,” ‘‘ Oregon” 

and “Towa,” are in commission ; two, the ‘* Kentucky” 

and “ Kearsarge,” are launched; three, the ‘‘ Alabama,” 

* Tlinois” and **Wiseonsin,” are about half completed, 
)and three others are authorized. 


FIRST-CLASS BATTLESHIP “INDIANA.” 


The following deseription of the ** Indiana” will apply 
‘in almost all particulars to the sister ships ‘t Massachu- 
setts’ and ** Oregon,” the three ships having been built 
from the same plans. 
A visitor on approaching the battleship * Indiana” 
by water, as she lies at anchor in a roadstead, is first of 
all impressed with the power of destruction whieh is 
suggested by the gieam of the many pairs of Jong and 
powerful guns with whieh she fairly bristles. They are 
her distinguishing feature, and mark the ‘ Indiana” as 
the most powerful fighting machine in the world to- 
day. Not only is she able to give the hardest blows, 
| but she could stand more hammering than any other 
ship. There are faster battleships, and bigger, but 
| none that could hit so hard or endure so long. 
Together with the ‘‘ Massachusetts” and the “ Ore- 


| gon,” she was built for the defense of the maritime 


It is designed with this sole object in view, and it! cities and harbors. The trio might aptly be termed 
must be prepared to fight at any time, and if need be, | the watch dogs of the coast. 


against big odds. 
equally great powers of resistance. 


It has great offensive power and | 


Looking at her massive form, it is difficult to realize 
that she has greater bulk below than above water. 


There has been only one great naval fight between | The floor of the outer shell of the hull lies 24 feet below 
modern warships—the battle of the Yalu, between the! the water line, and is some 348 feet long ani 691g teet 
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BROADSIDE TORPEDO TUBE. 
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broad at its widest part. Within the outer shell, and 
34g feet distant from it, is an inner shell, eacu being 
watertight, and forming a complete ship's bull in itself. 
The space between the two is divided longitudinally by 
the plate frames (answering to the wooden ribs of the 
old three-deckers), which are riveted to both shells. 
These lateral spaces are again subdivided by a series of 
plate frames, or girders, which run the length of the 
ship, being riveted to the cross girders at the intersee 
tion, and also to the inner and outer “skin” of the 
ship. This arrangement cuts the space into small com 
partments, or ** cells,” each 
separate and watertight. 
The double bottom consti- 
tutes the below- water arm- 
or or protection of the ship 
against the torpedo, for 
while the explosion of these 
deadly weapons might 
break in the outer skin, 
the inner skin would possi- 
bly remain intact, and the 
flooding would be confined 
to the cells in the neigh- 
borhood of the explosion. 
If the inner skin should be 
broken, the inflow of water 
would be loealized by the 
athwartship and longitud- 
inal watertight bulkheads 
which extend the 
water line. 

The double skin rises to 
within 414 feet of the water 
line, where it forms a shelf, 
upon which carried a 
wall of Harvey steel armor 
7's feet high, 18 inches in 
thickness, and extending 
amidships for two-thirds 
of the length of the ship. 
At each end of the side 

yvalls is a transverse wall 
of steel, slightly thinner, 
but of the same height. 


above 


Is 


two of the 13-inch guns of the main battery, which | powder and shell. 


show their black mouths protruding 23 feet through 
the ports of the revolving turret. 


The turret consists of a solid circular wall of steel 17 | 


inches thick, which revolves upon a circular 
steel fort or barbette 17 inches thick, which is built up 
from the 18-inch armor belt below. It will thus be 
seen that from the top of the turret down to 44¢ feet 


below the water line there is a continuous wall of steel 


The roof of this great rectangular fort is formed | 17 and 18 inches thick for the protection of the gun- 


of 2% inches of steel, and down below its safe shelter 


that the 
Forward and aft, beyond 


are placed “‘the vitals,” 
and stores of sheet and shell. 
the 18-inch belt, the steel deck extended in 
a gradual curve to meet the bow and stern. The 
2%4-inch steel deck is Known as the berth deek, and 
some eight feet above it is the main deck, which ex 


Is, engines, 


side is 


boilers 


tends flush throughout the ship, and finishes the hull} 


proper. The line of this deck may be easily traced in the 
illustration, page 1, showing the ship at anchor. Be- 
tween the top edge of the 18 inch belt and the main 
deck the protection consists of 5 inches of steel, backed 
by some 10 feet of coal, which will together keep out 
all the rapid-fire shells and such of the heavier shells 
as are fired from long ranges, or strike obliquely to 
the armor—as many of them will. 

‘If we walk along the main deck to the starboard 
bow and look back, we get view shown on page 1. 


‘two vertical slots, or peepholes, 


crew, the turning machinery and the powder and shell. 
In the uncertainties of war it is not likely that one 
shot in thirty that struck this turret would effect an 
entrance; and experience shows that not one-fourth of 
that number would probably score a hit in half a day's 
fighting, if the battle of the Yalu is anything of a guide. 
Just over the muzzle of the starboard gun is seen the 
with its two horizontal and 
from which the gun- 
means of convenient 


turret sighting hood 
ner watches the enemy, and by 
levers, trains and fires the guns. 


Peering over the main turret are seen the four for- 


| ward 8-ineh rifles, placed in pairs in two turrets, one on 


each side of the ship. The turrets are of 8-inch steel 
and revolve within barbettes of 10-inch steel, the offset 


}in the outer wall, seen clearly in the illustration, show- 


The! 


Armored ammuni- 
o3 


ing the top edge of the barbette. 
tion tubes pass from the barbettes down to the 


track, | 
located just below and within the top edge of a circular | 
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Upon the main deck, and under 
and slightly to the rear of each 8-inch turret, is a 6-ine!; 
gun, Which is arranged to deliver broadside and dead 
ahead fire. 

If we take our stand at the stern and look forwar:! 
we see the same arrangement of turrets and guns: s 
that, with the exception of the pilot house, conning 
tower and mast, the after half of the ship above thx 
main deck is a duplicate of the forward half. 

To the rear of the forward 13-inch turret, and form 
ing the base of the military 
mast, is the conning tower, 
which is plated with 12 
inches of steel. Here the 
commander will take up 
his position when going 
into battle, and through 
the narrow horizontal slots 
(to be seen just above the 
sighting hood of the for 
ward turret) he will watch 
the enemy. Inside the con- 
ning tower is an elaborate 
arrangement of telephones, 
electric calls and speaking 
tubes, by which he can 
communicate with the en- 
gine rooms, the various 
gun stations and the steer 
ing room at the after end 
of the ship. This latter is 
situated for protection be- 
low the water line and be- 
neath the shelter of the 
protective deck. When the 
ship goes into action, one 
man, snugly ensconced 
within this little steel cage, 
ean lay his hand upon any 
part of the ship, control- 
ling her speed, turning her 
right or left at will and 
concentrating her guns 
upon any weak spot in the 
enemy. Above the couning tower is the pilot house, 
from whieh the navigation of the ship is carried on 
except in the actual time of battle. 

Upon the roof of the pilot house, one on each side of 
the mast, are two 100,000 ¢. p. seareh lights, and on the 
small platform, just above them, are the two control- 
lers, by means of which the beam of light may be 
raised or lowered and made to sweep the full circle of 
the ship. On the same platform is one of the range 
finders, by which the distance of the enemy can be very 
accurately determined. A similar pair of search lights 
and a range finder are located on the over deck, above 
the after end of the bridge deck. One of our illustra 
tions shows the after port search light and one of the 
6-pounder guns. 

If the visitor descends to the berth deek and walks 
to the extreme forward end of the ship, he will find 
himself in the bow torpedo room, page 5.  Imme- 


4-ineh | diately in front of him he will see the fixed launching- 
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tube, which is built into the framework of the ship, 
parallel to its axis, and is inclined slightly downward 
to the water. 


small handwheels and levers situated within the sight- 
ing station of theturret. The gun itself is mounted ina 


Its outer end is closed with a cover!) gun metal seating, to which it is strapped down by the | suitable racks. 


plate shown in the view, page 1, above the water line foursteel bands shown in the accompanying illustration. 
| The seating is arranged to slide in much the same way as | the handling room, where it is unloaded into the am- 


Suspended from the ceiling are the 18- 
When they are to be fired 


at the bow. 
inch Whitehead torpedoes, 


the rest of a lathe upon its bed, upon the upper flanges 


hey are picked up by the chain hoists, run along the | of a massive steel frame, the forward end of which is 


verhead tracks and lowered into the tube. 
breech is then closed and the torpedo is discharged, 
either by compressed air or by a small powder charge. 
The torpedo, which weighs 835 pounds, contains 
hree compartments. In the first 


is the charge of | turning the turret which carries them. 


carried by the plunger of a hydraulic ram, by means 
of which the gun with its carriage is raised or lowered 
to give the proper elevation. The guns are trained by 
This is effected 


suncotton, which is fired by contact when the torpedo| by hydraulic engines located within the shelter of the 


trikes the mark; the second is charged 
vith air at 1,300 pounds to the square inch 
wessure ; and the third contains the little 
-oupressed air engines, which work the 
‘rew propellers. It is provided with hori- 
ontal rudders, by which it can be made to 
in atany desired depth. The act of dis- 
charging the torpedo starts the engines, and 
hey will drive it for 400 yards at 30 Knots 
wv for 800 yards at 27 knots an hour. There 
s another fixed torpedo tube at the stern, 
and on each broadside there are two mov- 
ible tubes—as shown in the smaller cut— 
which are fitted to the side of the ship with 
a ball and soeket joint. and are capable of 
being trained on an object in the same way 
as the guns. The space between the main 
turrets is occupied by the superstructure 
deck and the bridge deck, upon the latter of 
which are stowed the lifeboats, gigs and 
steam pinnaces. On each side of the ship a 
powerful steam crane is provided, with suffi- 
cient reach to enable it to pick up a boat 
from the water, lift it 35 feet into the air, 
swing it round and lower it into position on 
the bridge deck. It is operated by a man 
who stands on a platform attached to the crane, where, 
by means of levers, he can control the various motions 
of lifting and turning. 

A battleship, as we have already shown, is essentially 
a fighting machine, and when the designer has given 
her sufficient structural and armored protection to en- 
able her to take her place in the first line of battle, his 
next object is to arm her with as many armor-piercing 
and rapid-fire guns as the limits of her displacement 
will allow. Judged by this double standard, the * Indi- 
ana” is without a rival; for it is a fact which has never 
been disputed that she carries the heaviest armament 
of any ship afloat to-day. This preponderance of 
power is due to the eight 8-inch guns which are carried 
in four turrets flanking the two turrets of the 13-inch 
guns. ‘They are an entirely novel feature in battleship 
design, and may be called the chief distinetive feature 
of this ship. The accepted type of battleship carries 
usually a main battery of four heavy guns disposed in 
two turrets, fore and aft, 
supplemented by a broad- 
side secondary battery of 5 
or 6-inch guns, the first be- 
ing capable of piercing ar- 
mor and the latter being 
used against the lightly ar- 
mored or unarmored por- 
tions of the enemy. Thus 
the * Camperdown,” of the 
British navy, a ship of the 
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barbettes, bélow the turret, operating a pinion, which 
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corner is a watertight door which leads to the ammuni- 
| tion rooms, where the powder and shell are stored in 
The charge is transferred to a cradle 
suspended from an overhead track and run out into 


| munition hoists, of which there are two, one to each 
‘gun. Each hoist consists of a triple cage of three hol- 


The | hinged to the wall of the turret, the after end being | low cylinders, the upper two for the powder, which is 


done fup in two sections, and the iower for the shell. 
The two sections of powder weigh 550 pounds and the 
| shell 1,100 pounds, 

| ‘The cage is then run up to the breech of the gun by 
)a hydraulic ram and steel wire ropes and puileys, the 
speed of the hoist being six times that of 
the ram. When the shell is opposite the 
breech it is rammed into the gun by a tele- 
scopic hydraulic ramimer, which can be seen 
in the first illustration, page 5, pivoted 
against the turret to the rear of the gun, 
the rammer being swung back against the 
turret wall when not in use. The two see- 
tions of powder are then rammed in after 
the shot, the breech plug, which is shown 
swung to the left clear of the gun, is thrust 
into the breech and locked, the firing attach- 
ment is screwed onto the stud, shown in 
the same illustration, within the plug, and 
the gun is ready for the gunner to lay and 
fire. The breech plug and the mechanism 
for opening and closing it are very ingeni- 
ously designed, and will bear a detailed de- 
seription. To enable the plug to withstand 
the shock of discharge, which is as great 
against the plug as it is against the shell, 
it is provided with a powerful thread and 
screwed into the breech of the gun. Af er 
the thread has been cut in the lathe, thre: 
wide channels are cut across it, parallel to 
the axis of the plug, similar channels being 
cut across the thread in the breech. When the plug is 


engages a circular vertical rack bolted to the inside of | inserted, it is placed so that the remaining thread on 


the turret. To cheek the recoil of the guns, which 
represents an initial energy of over 38,000 foot tons, a 
recoil cylinder is mounted within the gun carriage be- 
neath the gun. It is filled with water, and is provided 
with a relief valve, which is automatically opened on 
the discharge of the gun. The plunger or piston is at- 
tached to the seating of the gun, and asthe gun re- 
coils the water is forced through the valve, the brake 
action being secured by the small size of the discharge 
valve. After being loaded the gun is run out to the 
firing position by admitting water under pressure at 
the back of the piston in the recoil cylinders. 

In describing the process of loading and firing a 13- 
inch gun, it is necessary to descend below the steel pro- 


| both plug and breech will enter the corresponding 
channels. After it isdriven home the plug is given one- 
lsixth of a turn, thereby bringing the threads into en- 
gagement and locking the breech. There is a great 
variety of breech mechanisms employed in different 
navies, and some of them are extremely complicated, 
The system in use on the “ Indiana” is a recent design 
and a great advance upon previous methods. The 
three operations of unlocking the plug, withdrawing it 
upon the swinging tray, and throwing the tray round 
clear of the breech are performed by one man, by means 
| of a crank shown on the right side of the gun. The 
first motions of the crank turn a gear which engages 


ja rack on the periphery of the plug and gives it a one- 


teetive deck to the ** handling room,” shown in the see- sixth turn, thereby disengaging the threads ; the crank 


ond illustration, page 5, which is located immediately 
beneath the turret, 


| shaft then operates a screw, which thrusts the plug out 


It is square in form, and at each! upon the tray; and when this operation is complete an- 


other gear is engaged 
which swings the tray up- 
on its hinges. 

in the illustration, page 
7, showing the breech of 
the 13-inch guns, will be 


noticed a ladder leading 
up to a plated, boxlike 
structure. This latter is 


the position occupied by 
the officer who lays and 


same size as the ‘*Indiana,” 
and less effectively pro- 
teeted, carries four 67-ton 
guns of about the same 
power as the heavy guns of 
the American ship and a 
secondary battery of six 6- 
inch guns. Against this 
the “Indiana” earries, in 
addition to her main and 
secondary batteries, the 
eight 8-ineh armor-piere- 
ing guns above mentioned 
—a preponderance of pow- 
er which should give her 
the vietory in a naval duel. 
Our illustrations show 
the various elements which 
xo to make up the arma- 
ment of the ‘“ Indiana,” 
and the methods of mount- 
ing and handling the great 
guns. This, especially in 
the ease of the 13-inch 
suns, each of which weighs 
'. tons, is a matter calling 
ior great skill in design and 
workmanship : and so well 
has it been carried out that 
ve man is able to raise or 
these great masses 
etal, and swing them 
through an are of 270°, by 
ie Manipulation of a few 


ower 


“INDIANA”-TRAINING A 6-INCH GUN. 
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fires the guns. The top of 
the compartment projects 
above the roof of the tur- 
ret, and is heavily armored. 
It is provided with two 
narrow vertical and hori- 
zontal slots at which two 
sighting are 
placed, one for each gun, 
as shown on page 4. The 
axis of each telescope is 
parallel to the axis of the 
gun which it represents, 
and the handwheels which 
operate the telescopes at 
the same time serve to 
work the hydraulic rams 
for raising and lowering 
the guns, so that the two 
are adjusted simultaneous- 
ly. The turning gear of 
the turret is set in motion 
by means of the vertical 
wheel shown in front of 
the gunner. When the 
sights coincide with the 
object, the gun is fired by 
means of an electric button 
placed conveniently to 
hand. 

Flanking the main tur- 
rets are the four 8-inch gan 
turrets, whose interior ar- 
rangements are very simi- 


telescopes 


| 
| > | 
= 
g : 
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lar to those above deseribed. ‘These guns are carried at | tration. The elevation of the gun is aceomplished | discharge her torpedoes. There are also six 1-pounder 
agreat height above water—no less than 26 feet —and | by the worm and pinion, which meshes into a vertical | guns placed in the tops and on the superstructure. 
they would, therefore, be well out of reach of the| circular rack, which can be seen attached to the gun. 
heavier seas in stormy weather. This great command 


The weight, penetration, etc., of the guns is as follows 
is a Valuable feature in a sea fight 


| The last illustration on page 6 shows a part of the | —— 
command in a gun! broadside rapid-fire 6-pounder battery and the hinged 


being like length of reach in a boxer. 


Caliber...... 13-inch. | Sinch 6-inch. 6-pounder |-pounder 
The shell being | grated shelves on which the gunners stand, the shelves Length ... ......... 40 feet | 25lg feet | 2144 feet | & feet | Ble feet 
» Weight 135,000 Ib. 20,3001b. 13,.440lb. 800 Ib, 79 Ib 
delivered from so great a height would have a“ plung-| hanging down vertically when not in use. There are) perforation of wret. 
ing” effect, and would also be less liable to be defleeted | twenty of these effective little guns in all. They fire a 
by striking the tops of the waves. The four 6 inch |24-ineh shell which is capable of penetrating over 3 


Weight of shell ....| 1,1001b. | 250 Ib. | 100 Ib, 6 lb. | 1 Ib 
Weight of charge ...| 550 Ib. 5 lb. | 2 Ib. 
inches of iron at a distance of 1,000 yards, and as each can 


deliver some twenty shots a minute, it can be seen that 
means of a pinion and a cireular rack, laid on the deck, | a torpedo boat would be roughly handled, and proba- 


guns, page 7, are mounted below the 8-inch gun turrets, 


and on the main deck. The training is effeeted by 


In concluding our description of the armament of 
both of which can be seen in the accompanying illus- | bly disabled, long before she could get near enough to | the ** Indiana,” it is gratifying to be able to state that 


ONE OF THE TWIN ENGINES OF THE BATTLESHIP “ MASSACHUSETTS,” 
18820 
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xe men behind her guns are excelent marksmen. | plicate. The eylinders are carried by inverted east | discharge into the condenser or overboard. These 
\Vord has recently come from Key West that in target | steel Y frames on one side and by hollow forged steel; pumps have each a capacity of 9,000 gallons per minute. 
‘actice two shots from a 13-inch gun were placed in cylindrical columns on the other, which are bolted to a They are driven by single cylinder, horizontal engines 
uccession through the same hole, and that it is a com-| cast steel bed plate and strongly sway-braced. The with eylinders of 6-inch stroke and 12-inch diameter. 
von thing for the target to be knocked to pieces at a high pressure cylinders are fitted with working liners,| The shafting is hollow and of forged steel. The line 
snge of several thousand yards. and the intermediate and low pressure cylinders are | shafting is in two sections and is supported on three 
FIRST-CLASS BATTLESHIP ** MASSACHUSETTS.” steam jacketed on the sides and bottom. ‘The dia-| bearings. The propeller shafts are fitted with a com- 
he first-elass battleship ** Massachusetts,” like her meter of the high pressure cylinder is 344¢ inches, of | position casing from just inboard the stern tube shaft- 
-ter ship the ** Indiana,” was launched at the famous, the intermediate 48 inches, and of the low pressure | ing box to the propellers. The thrust bearings are of 
pyard of the Cramp Shipbuilding Company, Phila- cylinder 75 inches, the common stroke being 42 inches. | cast iron and are of the horseshoe pattern. 
iphia. The two ships are identical except in a few The pistons are dished steel castings, and the piston| The propellers are of manganese bronze and are three 
inor particulars, the ** Massachusetts” carrying three | rods, 7 inches in diameter, are of forged steel, as are! bladed. The pitch is variable, from 14 feet 3 inches to 
rpedo tubes, as against two on the sister ship, and her also the connecting rods, which are 65g inches diameter | 16 feet 3 inches. The bosses are secured to the shaft 
peed being about three-quarters of a knot greater. at the upper end and 844 inches diameter at the lower | by a feather key and a steel nut which is screwed on 
The “Indiana” has been so fully described as re-;end. The crossheads are of forged steel and they are and locked in place. 
~ards her construction, armor, guns and operation, that) provided with manganese bronze slippers faced with! There are six steel boilers, four double-ended main 
would be superfluous to repeat the particulars. We, white metal. The eccentrics are of cast iron, the straps and two single-ended auxiliary, all of the horizontal 
siall, therefore, confine the present article to a de-/| of composition and the rods of forged steel. The steam | fire tube type. The former have eight and the latter 
s-ription of the motive power. The handsome twin reversing engine, with 14-inch by 20-inch cylinder, is | two corrugated furnaces. The longitudinal joints are 


ple-expansion engines, one of which is shown in the connected to an arm on the reversing shaft, and the! treble riveted, with double butt straps. The joints on 


FIRST-CLASS BATTLESHIP “ MASSACHUSETTS.” 

(Photographed at her fastest trial speed.) 
Displacement, 10,288 tons. Speed, 16°2 knots. Maximum Coal Supply, 1,597 tons. Complement, 473. Armor: Belt, 18 in.; deck, 2% in.; barbettes, 17 in.; turrets, 15 in : 
easements, 6in. Guns: Main battery, four 13-in., eight 8-in., four 6-in. slow-fire ; secondary battery, twenty 6-pounders, four 1-pounders, four Gatlings, two field 
guns. Torpedo tubes, three. Authorized 1890. 


large engraving, page 8, were built by the Cramp Com-{ hand reversing gear, consisting of wheel, worm shaft, | the cireumference are lapped and treble riveted. The 
pauy from designs furnished by Chief Engineer George | pinion and rack, is also connected to an arm on the/| furnaces are fitted with Cone’s patent shaking grate 
W. Melville. Before entering into a detailed deserip-| reversing shaft. At the forward end of the main en-| bars. The steam pressure is 160 pounds. The shell 
tion of these very successful designs, mention should be | gine will be noticed the engine for turning over the! plating of the main boilers is 1}$ inches thick; the 
made of the important part which Mr. Melville and his| main shaft. It is attached to the frame of the high | diameter is 15 feet and the length 18 feet. The tubes 
highly efficient staff have played in the upbuilding of | pressure cylinder and hasa pair of cylinders 7 inches | are 244 inches outside diameter and their total heating 
our steam navy. In no ease, as far as we know, have| diameter by 7 inches stroke. It turns a worm on its( surface is 3,647°5 square feet, the total heating surface 
the creations of this bureau failed to indieate a horse| main shaft, which in turn operates a vertical worm | of each boiler being 4,310 feet. The closed stokehold 
power in excess of the contract requirements, and in| shaft gearing to a large worm wheel on the shaft of the system of forced draught is employed, and air is sup- 


tuany eases the excess has been surprisingly large. Al-| main engine as shown. plied by ten Sturtevant blowers. 
‘ough this result has been directly due to the skill of} There are two main condensers in which the cireulat-| The work that has to be done by the boilers is under- 


» contractors, too much credit can searcely be given | ing water passes through the tubes, the total cool-| stood when it is borne in mind that, in addition to sup- 
‘the Bureau of Steam Engineering for the part it has|ing surface being 12,710 square feet, and in each plying the main engines of over 10,000 horse power, 


iaved in seeuring such gratifying results. engine room there is a Wheeler condenser connected they must supply steam for 86 auxiliary engines, or a 
the handsome engraving to which we have re-| with the auxiliary exhaust pipes. Each main engine total of 158 cylinders. 


rred was made from a photograph of one of the is supplied with a Blake double vertical single act- The official trial consisted of two runs in opposite 

main engines of the * Massachusetts,” as they | ing air pump in which the steam cylinders are placed directions, over a measured distance of 31 miles, with a 
completed in the erecting shop at the Cramps’ | directly over the pump cylinders, the and piston smooth sea and generally favorable conditions. The 
pyard. There are two vertical, direct acting, | rods being in one length. For each condenser there is draught of the ** Massachusetts” was 23°79 feet for- 
ple-expansion engines placed in separate watertight|a double inlet centrifugal cireulating pump which ward and 24°38 feet aft, and her displacement 10,265 


compartments, the engines being built exactly in du-| draws from the sea, bilge and main draiu-pipe and may a The average speed was 16°21 knots. The re- 
18821 
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volutions per 
minute were 
for the  star- 
board engine 
1823) and for 
the port en 
gine 138306, 
The boi ler 


pressure Was 


163 pounds and 
the pressure at 


the engines 


delphia, who 
constructed 
the “ Indiana’ 
and the ** Mas 
sachusetts,’ 
and the Union 
Iron Works, of 
San Francisco, 
the builders of 
the Oregon.” 
The Eastern- 
built ships are 


165°6 pounds. 
The total in 
dicated horse 


pow er was 
10,402°6, and 


identical as to 
design, and the 
* Oregon” va- 
ries from them 
only in a few 


amaximuam 
horse power of 
11,440 was in 
dicated during 
fifteen minutes 
of the run to 
the south. 
The boilers 
gave great sat- 
isfaction and 
there was no 
tendeney to 
prime. The 
main engine 
ran without 


any heating of SIDE VIEW AND DECK PLAN OF THE “INDIANA,” 


consequence, 


(Aft guns show maximum fire as originally proposed. 


Forward guns show maximum fire as finally modified.) 


“ MASSACHUSETTS ” 


and it was necessary to use but little water. A care-| vented the carrying out of a trial for coal consumption 
ful examination was made of boilers and engines after | of sufficient lengti. to give reliable data. 


the trial and all parts were found to be in excellent FIRST-CLASS BATTLESHIP “ OREGON.” 
condition, The distinction of having built the first of the first- 


We are informed by Mr. George W. Melville, en-| class battleships of our new navy belongs to two 
gineer-in-chief of the navy, that circumstances pre-|firms—the Cramp Shipbuilding Company, of Phila- 


insignificant 
details. 

The Union 
Iron Works 
have played an 
important part 
in the creation 
of our modern 
navy, and con- 
sidering the 
difficulties un- 
der which they 
labored in be 
ing so far re- 
moved from 
AND “OREGON.” the great cen- 

ters of the iron 
and steel industries, it is greatly to the credit of this en- 
terprising firm that the ships turned out from its yards 
have shown such a uniform excellence. Like those of its 
wreat Eastern rivals at Philadelphia, its warships have 
shown a gratifying excess of speed over contract re- 
quirements, the most notable case being that of the 


FIRST CLASS BATTLESHIP 


“ OREGON.” 


(Photographed at fall speed.) 


Displacement, 10,288 tons. Speed, 16°S knots. Maximum Coal Supply, 1.5!4 tons. 


two field guns. Torpedo tubes, three. Authorized 1890. 


Complement, 473. 


Armor: Be!t, 18 in.; deck, 2°j in.; barbettes, 17 in.; turrets, 15 in. 
casements, Gin. Guns: Main battery, four 13-in.; eight 8 in.; four slow-fire 6-in.; secondary rapid-fire battery, twenty 6-pounders ; six 1-pounders ; four Gatlings 
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protected cruiser Olympia,” which steamed 
21°69 Knots, as against the contract speed of 20 
knots—a feat which, on the basis of $50,000 for 
every quarter knot excess, brought to the build- 
ers the handsome bonus of $300,000, ‘This bonus, 
it may be mentioned, was exceeded in the case 
of the “Columbia” and * Minneapolis,” built 
at the Cramps’ yard, the former winning $350,- 
000 and the latter $414,600 for the contractors. 
We have given such a full description of the 
sister ships “Indiana” and ‘ Massachusetts” 
(see pages | fo 10) that it is unnecessary to reiter- 
ate the details in connection with the ‘ Oregon.” 
The contract speed of the * Oregon” was 
15 knots per hour and the estimated horse 
power of the engines 9,000. For every quarter 
knot by which she exceeded the contract speed 
the builders were to receive a bonus of $25,000, 
and for every quarter knot by which she fell 
below the contra‘t a penalty of $25,000 was to 
be paid. On her trial she maintained an aver- 
age of 16°79 Knots, the engines indicating 11,111 
horse power, or 2,111 in excess of the estimate. 
Our illustration of the ship, page 10, is repro- 
dueed from a photograph which was obtained 
during her trial trip under novel and hazard- 
ous circumstances. On account of the wide 
beam and somewhat bluff bows of a battle- 
ship, it rolls up a great bow wave when the 
engines are pushing the ship, as in this ease, 
beyond the speed for which it was designed ; 
and it occurred to an enterprising Californian 
photographer, Mr. O. V. Lange, that the great 
onrushing shi» with its bows smothered in a 
iuass Of boiling water would be a good subject 
for the camera, Arrangements were quietly 
made with the captain of a little 
tug to shoot across the ** Oregon's ” 
bow as she came on at full speed, a 
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Photographed and copyrighted, 1896, by W. H. Rau. 


LAUNCHING OF THE “IOWA.” 
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Our readers will doubtless observe that the 
‘**lowa” bears a general resemblance to the 
** Massachusetts” and her class, and they 
will ask why the ‘“lowa” should be desig- 
nated as the first modern sea-going battle- 
ship of our navy. Asa matter of fact, however, 
the Indiana,” ** Massachusetts” and Oregon” 
are listed on the naval register as coast defense 
battleships, and, although they would be cap- 
able of crossing the Atlantic and giving a good 
account of themselves in a fight upon the high 
seas, they were not specifically designed for 
such service. Those elements of a battleship 
which make her a good sea boat in heavy 
weather have been somewhat sacrificed in 
these boats in favor of extremely heavy guns 
and massive armor plates, and it is this eoncen- 
tration of guns and armor which renders the 
‘* Massachusetts” and the vessels of her class 
the most powerful fighting ships in the world. 

The design of the * lowa” is based upon that 
of the ** Massachusetts,” but with a view to giv- 
ing her better sea-going qualities ber freeboard 
has been raised about 8 or 9 feet, or about the 
height of one deck, from her bow back as far as 
the rear 8-inch gun turrets. The forward pair 
of heavy guns with their turrets have been 
raised to the same extent, the axis of these guns 
being now about 26 feet above the water line at 
normal draught, and therefore well out of the 
reach of the heavy seas which would be liable 
to roll green water over the same pair of guns 
in the ‘ Massachusetts” if she were steam- 
ing head to sea in heavy weather. The free- 
board forward in the * lowa”™ is about 20 feet 
and aft it is about 12 feet. The latter is the 

greatest freeboard of the ‘* Massa- 


plan of which the ** Oregon’s ” com- 
mander had no Knowledge. The . 
vessels were almost together, and it 
was too late for the great ship to 
swerve either way, when the tug 


Was seen moving directly across the . 


course of the battleship, at whose 
stem a foaming wave was piled at 
times 12 feet high and spreading far 
on either side. The tug could not 
turn back, as the bow of the ** Ore- 
gon” seemed about to bear di- 
rectly down upon her, and there 
was consternation aboard the little 
vessel. The photographer says: 
“The * Oregon’ seemed to be com- 
ing like acannon ball, but | deter- 
mined to get 
that picture if 
it was my last. 
I steadied my 
nerves a@ mo- | 
ment, glanced 
into the finder, 
and elicked the 
shutter. Then, 
with the cam- 
era under one 
arm, Iran toa 
stanchion and 
grasped it. 
The next mo- 
ment there was 
a noise of rush- 
ing water and 
a violent whirl- 
ing and pitch- 
of the tug,” 
which, it was 
said, had es- 
saped collision 
by the fraction 
of a second, 
the ship’s side 
flashing by 
within 10 feet. 
FIRST-CLASS 
SEA-GOING 
BATTLESHIP 
IOWA.” 
The “Iowa” 
has the distine- 
tion of being 
the first mod 
ern. first -elass 
sea-going bat- 
tleship built 
for the United 
States navy, 
and she is also 
largest and 


of our Displacement, 11.340 tons. Speed, 17°1 knots. 
ships in.; barbettes, 15 in.; turrets, 15 in.; casements, 6 in. 


Vy 
~, 


Maximum Coal Supply, 1,795 tons. 
Guns: Main battery, four 12-in., eight 8-in., six 4-in. rapid-fire ; secondary 
ie, rapid-fire battery, twenty 6-pounders, four 1-pounders, four Colts, two field guus. Torpedo tubes, four. Authorized 1892. 


PLotographed and copyrignted, 1¢96, by W. H. Ran. 


THE “IOWA” TAKING THE WATER. 


FIRST-CLASS SEA-GOING BATTLESHIP “IOWA.” 


Complement, 


chusetts,” which has a flush deck 
fore and aft for the whole length of 
the vessel. 
4 The “lowa” is 360 feet long, 72 


feet beam, and she has a displace- 
ment loaded of 11,410 tons. Three 
thousand tons of the weight is 
devoted to armor, which ranges in 
thickness from 2% inches to 15 
inches. The protection to the bull 
and machinery is afforded by a 
steel belt of 14 inches maximum 
thickness, covering over 70 per cent 
of the load line. This belt ex- 
tends from 4 feet 6 inches below the 
load line to 3 feet above it. Above 
this belt to the main deck between 
the 12-inch gun turrets, a belt of 4- 
inch armor is worked to cause shell 
loaded with 
explo- 
sives to break 
up before en- 
tering the 
vessel. On top 
of the 14-ineh 
armor a_ hori 
zontal deck 234 
inches thick is 
worked, and 
from the ends 
of the side 
armor to the 
extremities of 
the vessela 
similar deck 3 
inches in thick- 
ness is pro- 
vided. Above 
the armor 
decks, belts of 
cellulose, to 
prevent the 
inrush of water 
in the event 
of the vessel 
being injured, 
are provided. 
The hull is 
built on the 
cellular sys- 
tem, with inner 
bottom, and 
great attention 
has been given 
to the sub- 
division of the 
vessel into a 
large nuwber 
of watertight 
compartinents , 
each provided 
with its own 
means of 
pumping anu 
draining. 


Armor: Belt, 14 in.; deck, 2% 
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The general disposition of the guns and turrets is | board like the ‘‘Indiana.” A striking feature is the 
similar to that of the ‘ Indiana” type. The heaviest | unusual height of the smokestacks, which tower 100 feet 
gains of the main armament, of 12-inch ealiber, are lo-| above the grate bars. They were carried up to this 
cated in two large turrets of 15-inch Harvey steel, height to secure a powerful natural draught and reduce 
which lie on the center line of the ship at each end of the forced draught air pressure in the stokehold. 

the armored citadel. Between the main turrets and This noble vessel is at present doing duty with Ad- 
well out on the sides of the ship are four smaller | miral Sampson's fleet of battleships, cruisers and _ tor- 
turrets, each of whieh carries two 8-inch rifled guns,’ pedo boats at Key West. 

which 
an armor-piercing 
shell weighing 250 


discharge 


pounds t hat is 
capable of pene 
trating eight 
inches of steel at 


a distance of two 
miles. On the 
main deck isa 
batiery of eight 
4-inch rapid-fire 
cuns whieh dis 


me Sor 
eharge their 33 
pound shells with 
such rapidity that five of them from any one gun can | FIRST-CLASS 
be in the air traveling toward the mark at the same 
time. In addition to these, the * lowa”™ carries in her 
military tops and on the superstructure deck, and in| ‘* Massachusetts’ 
various commanding positions upon the bridge, twenty | vance in armor and guns upon anything building or 
6-pounders, four 1-pounders and four Colts, all of| afloat at the time the designs were published. To 


DOUBLE-DECKED-TURRET BATTLESHIP 


KENTUCKY.” 


and “Oregon” showed a great ad- 


which are rapid firers and could pour a perfect hail of! flank the 13-inch guns of the main battery with eight | 


| 


LAM.N Y. 


Displacement, 11,525 tons. Speed, 16 knots. Maximum Coal Supply, 1,210 tons. Complement, 511. Armor: 


DECK PLAN OF THE FIRST-CLASS BATTLESHIP “KENTUCKY.” 


The designs for that splendid trio the * Indiana,” | 


FIRST CLASS BATTLESHIPS “KENTUCKY” AND “KEARSARGE.” 


SUPPLEMENT. 


ing as it was novel; and European designers ex 
pressed a doubt that the ships could ever earry s 
heavy an armament successfully. The * Indiana” has 
had her trials and justified the confidence of her de 
signers. Indeed, on every point but one she has more 
than fulfilled expectations. In the gunnery trials, 
however, it was found that the are of training of the 
8-inch and 6-inch guns would have to be somewhat re- 
duced on account 
of interference, 
In official circles 
this was not al- 
together unex- 
pected, as the ex- 
perience of cer- 
tain European 
ships had shown 
that the effect of 
the blast of the 
heavy guns ex- 
tended over a 
wider area than 
had been sup- 
posed at the time the designs of the * Indiana” class 
were drawn up. By reference to the deck plan on 
page 10, it will be seen that the 8-inch guns were 
originally intended to fire full ahead or full astern, 
and also through a considerable are of training on 


the opposite beam. ‘To do this latter they had to 


fire across the top of the 13-inch gun turrets. In the 


Belt, 916 to 161g in.; deek, 294 in.; barbettes, 15 in. ; 
4 


turrets, 17 in. Guns: Main battery, four 13-in., four 8-in.; fourteen 5-in. rapid-fire ; secondary rapid-fire battery, twenty 6-pounders, six 1-pounders, four Colts, 


two field guns. Torpedo tubes, four. Authorized 1895. 
shot and shell upon the shelterless and the lightly | 8-inch armor-piercing rifles placed within four heavily 
protected parts of a hostile ship. 

The ship is driven by a set of twin-screw triple ex- | water line was a departure from existing ideas as dar- 
pansion engines of 
12,105 horse pow- 
er ata maximum 
speed of 17°1 knots 
an hour. With 
her large bunker 


capacity of nearly 

I 
1.800 tons, she is Hu 
capable of steam- 
ing continuously 


gunnery trials it was found that if the 8-inch guns 


| plated turrets at an elevation of 26 feet above the] were laid any nearer to the 13-inch gun turrets than 


80 degrees forward of the beam, the effect of the 
blast was so 
powerful as to 
render the sight- 
ing hoods of the 
latter untenable. 
It was therefore 
suggested that 
stops be placed 
on the turrets to 
prevent their 


at acruising speed 
of 10 knots for 


training any 
nearer to the axis 
of the ship than 


thirty-one consee- 
utive days, in 
which time she 
would cover 7,500 
knots. The in- 
creased size of the 
ship and the extra 
accommodation 
afforded by the 
spar deek for 
ward allows of 
the crew being 
berthed with a 
greater degree of 
comfort than is 
possible in ships 
of a lower free- 
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DECK PLAN AND SIDE ELEVATION OF THE FIRST-O“LASS BATTLESHIP “ ALABAMA.” 


10 degrees. At the 
same time the 
blast of the 13- 
inch guns, when 
fired on the maxi- 
mum train abaft 
the beam, neces- 
sitated the saeri- 
fice of the axial 
fire of the 6-inch 
guns, 
modifications, 
which are shown 
in the diagram, 
page 10, are not 
so serious as they 


These. 


ry i (> | 
| 
4 ° 
| | | 
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wight at first sight 
uppear, for naval en- 
sagements will very 
seldom be carried 
out in end-on 
position; and = for 
broadside firing the 
whole of the battery 

the “Indiana” is 
till available. The 
litficulty of interfer 
ence was foreseen at 
the time the plans of 
the Kearsarge 

re drawn up, and 
it Was overcome with 
characteristic ingen- 
uity in the following 
way. 

It was decided to 
dispense with two of 
the 8-inch turrets al- 
together, and place 
the remaining pair upon the main 13-ineh turrets, as 
shown in the accompanying engraving. By this 
arrangement the remaining four guns of the new 
design were rendered actually more effective, as far 
as their are of training was concerned, than the eight 
similar guns of the “Indiana.” This is evident from 
a comparison of deck plans of the two types, from 
which it will be seen that the “Indiana” is incapable 
of dead ahead or dead astern fire with her 8-inch 
guns, and that her maximum concentration of fire 
from the whole eight of them is four on either broad- 
side. The ** Kearsarge,” on the other hand, can not 
only coneentrate an equal number of 8-inch guns on 
each broadside, but can swing each pair through an 
unbroken are of 270 degrees ahead or astern. Experi- 
ments recently carried out at Indian Head on an im- 
provised platform showed that there would be no incon- 
venience experienced in the 13-inch turrets from the 
blast of the superposed 8-inch guns. 

Moreover, the turning gear and ammunition hoists of 
the 8-inch guns on the ** Kearsarge” have an unparal- 
leled protection afforded to them by the 15-ineh armor 
of the turrets and barbettes upon which they stand, 
whereas the base of the “* Indiana’s” 8 inch barbettes 
is plated with comparatively light armor; and should 


| 
| 


PAX 


U 


ELLIPTICAL TURRET 


PLAN AND VERTICAL SECTION THROUGH 


AND BARBETTE. 


a shell penetrate and 
burst within them, 
it might disable the 
guns altogether. 
From these consid- 
erations it is evi- 
dent that the sacri- 
fice of power in re- 
moving four of the 
8-inch guns is more 
apparent than real. 

At the same time 
it should be men- 
tioned that in spite 
of its many and 
obvious advantages, 
there are serious ob- 
jections urged 
against the double 
turret by naval ex- 
perts, the chief of 
which is that in 
placing guns on a 
ship it is arisky policy to put “ too many eggs into one 
basket.” It is an accepted axiom in warship design 
that the various gun stations of a ship should be as 
widely separated as possible. with a view to localizing 
the damage inflicted by a successful shot. 

If the lower half of a double-deck turret should be 
crippled, the upper turret would also be placed hors de 
combat, and a light shell which was incapable of pene- 
trating the 15-inch armor of the lower turret might pass 
through the 9-inch armor of the upper turret and 
wreck the turning gear below, thereby disabling the 
feur guns. There is a further objection urged by the 
gunners in the fact that the two sets of guns must be 
trained together, whereas it might frequently be desir- 
able in the course of a fight to train the 13-inch guns 
upon one part.of the enemy and the lighter guns upon 
some other part. The whole question, however, was 
well thrashed out by the experts at the time the ships 
were designed, and it was considered that the advan- 
tages more than offset the objections which were raised 
against the system. 

Next to the turrets the most novel feature in these 
ships is the powerful broadside battery of fourteen 
5-inch rapid-fire guns whieh it has been possible to sub- 
stitute for the four 8-inch guns and turrets and the 


FIRST-CLASS BATTLESHIPS “ALABAMA,” “WISCONSIN” AND “ILLINOIS.” 


Displacement, 11,525 tons Speed, 16 knots. Maximum Coal Supply, 1,200 tons. 


Torpedo tubes, four. Authorized 1896. 


Complement, 489. Armor: Belt, 94¢ to 1644 in.; deck, 334 in.; barbettes, 15 in.; turrets, 
lv in. Guns: Main battery, four 13-in., fourteen 6-in. rapid-fire ; secondary rapid-tire battery, sixteen 6-pounders, four 1-pounders, one Colt, two field guns 
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four siow-firing 6-inech guns of the “Indiana.” This 
battery is shown in the engravings ranged within acen 
tral battery on the main deck between the two turrets. 


ing through an are of 90 degrees. Though the shell for 


| type. 
There are seven guns on each broadside, each gun fir-| slightly inclined and the rear plates vertical. 
| form is adopted as being lighter and giving more room 
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turret, thereby increasing the stability of the ship. 


The turrets are of what is known as the elliptical 
They are oval in plan, with the front plates 
This 


the 5-inch gun weighs only 50 pounds as against 250/| for the handling of the guns and their loading appli- 


eould 


rapidity of fire from the 
time from 
alone 
pour into the enemy fifty 


former gun, that three 

the rapid fire 
battery. In one minute 
six shots, or nearly 3,000 


pounds for the shell of the %-inch gun, 
times the weight of metal 

will be thrown in a given 

of a sea-fight one side of 

this battery 

pounds of steel, at a velo- 

city of 2,500 feet a second, 


battering or 
102,704 
foot tons—a foree sufficient 
to lift the ship itself bodily 
? feet in the air. The sub- 
joined table gives a de 
tailed analysis of the total 


and with a 
erushing effect of 


broadside. 
The “ Kentucky” 
her sister ship, the “ Kear 


sarge,” are under construc- 
tion by the Newport News 
Shipbuilding Co., of New 
port News, Va. They 
were both launched March 
24, 1898, and they are 
now being rushed to com- 
pletion in view of the present 

BROADSIDE DISCHARGE OF THE “ KENTUCKY.” 


| 


| 
| 


- 
Sa = 

\é Point of Attack in 

4 18 | 1100 | 2100 38,627) 134,508 | 346 |Belt and main turrets. 

4 8 250 | 2150 | 8,011) 

| | ment armor. 
7 5 5O | 2300 superstruc- 


ture, and unarmored 


ends, 


FIRST-CLASS BATTLESHIP ALABAMA,” 

The “Alabama” is one of three first-class battle- 
ships, identical in design, which were authorized June 
10, 1896. Of these the ‘‘Alabama” is building at 
Cramps’ yard, the “Illinois” at Newport News and the 
* Wisconsin” at the Union Iron Works, San Francisco, 
All three are about half completed and, of course, work 
is being pushed forward 


so great is the | ances. 


international crisis, 


- | lateral direction is concerned. 


In the old form of circular turret there was 


SECOND-CLASS BATTLESHIP “TEXAS.” 


more room than was necessary at the sides and too 
little at the rear of the The diameter of the 
stationary barbette is made somewhat larger than the 
shorter axis of the turret, and the center of gravity of 
the revolving parts is in the axis of rotation: so that 
the turret, in spite of its considerable overhang at the 


guns, 


rear, is balanced and can be turned by its engine with- 


out serious retardation, even when the ship has a heavy 


32,044 | 21°6 |Conning tower and case- | list. Of the three sighting hoods, the center one is for 
| 


the man who turns the turret, whose sole work it is to| 
keep the guns always upon the target, as far as their 
The hoods on each side | 
are occupied by the “gun pointers,” who give the gun 
the proper elevation or depression. 

The removal of the 8-inch guns and turrets has ena- 
bled the strength of the secondary battery to be enor- 
mously inereased, the fourteen 5-inch rapid-fire guns 
of the “ Kentucky” giving place to a battery of four- 
teen 6-inch rapid-fire guns in the ** Alabama.” These 


is more complete. Eight of the guns will be inclosed 
within a central battery on the main deck, whose pro- 
teetion will consist of a continuous wall of 54¢ inches 
of steel. Forward in the bows on the same deck will 
be two more 6-inech guns, similarly proteeted, and four 
other 6-ineh guns, two on each side, will be mounted 


onthe spar deck above this casement. The latter 
will also be protected with 
6 inches of steel, and they 


will be eapable of firing 
dead ahead and dead as- 
tern as well as on the 
broadside. The combined 
energy of one broadside of 
the 6-inch battery alone 
will amount to about 134,- 


2 

568 foot-tons per minute— 
sufficient, when imparted 


to bursting shells, to tear 
the unprotected and light- 
ly protected parts of an 
enemy's ship to pieees, and 
quickly turn the gun _ posi- 
tions into a mere sham- 
To these is added 
a battery of sixteen 6- 
pounders and four 1-pound- 
ers. There are also four 
broadside torpedo tubes 
protected with 6 inches of 
steel armor. 

A feature which is a 
novelty in our navy, 
though it has been used in 
many of the iater ships 
abroad, is the placing of 


bles. 


'the smokestacks abreast of each other instead of on 


the axis of the ship. 

In concluding our notice of these fine ships, it should 
be pointed out that they maintain the reputation of 
our naval eonstruetors at the high level at which it 
was placed by the appearance of the plans of the 
“Indiana” type some eight years ago. Like them, 
they carry heavier armor and heavier guns for a given 
displacement and speed than any ships in the world. 

This is best shown by a comparison with the ‘* Ma- 
jestic” of the British pavy. The “ Majestic” has a 
displacement, loaded, of about 15,000 tons to about 
11,500 tons for the *‘ Alabama.” In spite of this dis- 
parity, the ** Alabama” carries four 13-inch guns, as 
against four 12-inch for the ** Majestic ;” she has four- 
teen 6-inch rapid-fire guns, as against twelve; she is 
protected with 164g inches of side armor, as against 15 
inches (9 inches side armor, 4 inches on slopes of deck); 
she has 17-inch turret armor, as against 6-inch, and her 

speed is only 144 knots less. 


on them with all possible 
speed. 

The science of warship 
design is nothing if it is 
not progressive, and it is 
gratifying to note that the 
* Alabama” class show the 
same advance upon the 
“Kentucky” class of 1895 


as these ships did upon 
the “Indiana” type be 
fore them. As compared 


with the Kentucky” the 
8-inch gun has disappeared 
altogether, and the weight 
and power of the second 
ary battery has been 
greatly increased. More- 
over, the seagoing qualities 
as compared with the for 
mer ships have been iim 
proved by adding a spur 
deck for the first three 
quarters of the ship's 
length, thereby increasing 
the freeboard from 13 feet 
in the ** Kentucky” to 20 
feet in the Alabama.” 
The main battery is the 
same and consists of four 
13-inch guns, which fire 
an 1,100-pound shell with 
a muzzle energy of 33,627 
foot-tons, equal to the per- 
foration of 34% inches of 
wrought iron, The for- 
ward pair are carried above 
the spar deck at an ele- 
vation of 2649 feet above 
the water line. At this great height they could be 
fought in any weather, even when going head on to 
a heavy sea, which is probably more than can be said 
for the forward guns of ships with a freeboard some 
seven or eight feet lower. 

The spar deck extends as far as the after end of the 
central battery. The after turret is carried above the 
main deck, or some 7 or 8 feet lower than the forward 


Displacement, 6,315 tons. 
Belt, 12 in. ; 


Authorized 1886. 


deck, 2 in. ; 
rapid-fire battery, six 1-pounders, four 37-mm. Hotchkiss, 


SECOND-CLASS BATTLESHIP “TEXAS.” 


Speed, 17°38 knots. Maximum Coal Supply, 850 tons. 
turrets, 12 in. Guns: Main battery, two 12-in., six 6 
two Gatlings. 


fire a 100-pound shell, as against the 50-pound shell 
used by the smaller gun, and their rapidity of fire is 
only slightly less. Each of these guns will have a 
muzzle energy of 3,204 tons and will be capable of 
penetrating 15°6 inches of iron. In addition to its 
greater weight, the battery will be superior to that of 
the Kentucky,” because its guns are more widely 
separated and the protection afforded to the gunners 


Complement, 389. Armor: 
-in. slow-fire ; secondary 


Torpedo tubes, two. 


To this is to be added the 
Ped fact that, being a smaller 
ship, she presents a smaller 
target to the enemy, and 
that, drawing 4 feet less 
water, she can navigate 
harbors and rivers and 
channels into which her 
bulky antagonist dare not 
enter. Against this, of 
course, is to be offset the 
greater coal capacity and 
larger stores of ammuni- 
tion earried by the ** Ma- 
jestic and rendered neces- 
sary by the long distances 
which the British ships 
may have to traverse. But 
even after waking such al- 
lowanees it must be admit- 
ted that the above com- 
parison bears eloquent 
testimony to the excellence 
of the ships turned out by 
Chief Constructor Hich- 
born and his associates. 

SECOND-CLASS BATTLE- 

SHIP “TEXAS.” 

The * Texas,” authorized 
in 1886, was the first battle- 
ship to be built in the re- 
eonstruction of the new 
navy. She is rated as a 
second-class, her displace- 
ment being 6,315 tons, or 
not much more than one- 
lLalf that of the ‘“Alaba- 
ma.” Her plans were pur- 
chased in England as the 
result of a competition instituted by the’ naval de- 
partment of the United States, in which Mr. William 
John, a naval architect of considerable note, was sue- 
eessfal. There was considerable discussion as to the 
merits of the plans, subsequent to their purchase, and, 
as a result, the ship was not laid down until 1889, the 
plans in the meantime receiving certain modifications. 
The construction was undertaken at the Norfolk navy 
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i; the launch took place June 28, 1892, and the| battery, are sponsoned out one on each side of the} This arrangement has given place to the plan adopted 
did not go into commission until August 15, 1895. | ship, and they are placed diagonally to the axis, with | in our later ships, like the * Indiana” and “Alabama,” 
he “Texas” represents a type of battleship which | the smokestack standing between them, the starboard | in which the main battery is disposed at opposite ends 
popular at the time when her plans were drawn. | gun lying somewhat astern and the port gun some-|of the ship and on its longitudinal axis. The advan- 
ose days the heaviest guns were frequently placed | what ahead of the smokestack. The object of arrang-| tages of the latter plan are that the guns are more 
iships in a central armor-plated redoubt, the ob-| ing the guns en echelon, as it is called, was to enable | widely separated and are not in danger of being both 

wing to reduce the protected area and enable a| them to obtain an all-round fire, both guns being | disabled by one lucky shell from the enemy’s big guns, 
able to fire at the same time dead ahead or astern or| that a more complete all-round fire is obtained, and 
that a larger area of the ship can be protected with 


er thiekness of armor to be used. In the ** Texas’ 
two 12-ineh guns, which constitute her principal | on the same broadside. 


RK” AT FULL SPEED 21 KNOTS AN HOUR, 


“NEW YO 


ARMORED CRUISER “NEW YORK.” 


Displacement, 8,200 tons. Speed, 21 knots. Maximum Coal Supply, 1,290 tons. Complement, 556. Armor: Belt, 4 in.; deck, 3 to 6 in.; barbettes, 10 in.; turrets, 54 in. 


Guns: Main battery, six 8-in., twelve 4in. rapid-fire ; secondary rapid-fire battery, eight 6-pounders, two 1-pounders, four Gatlings, two field guns, Torpedo 
tubes, two, Authorized 1888, 
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armor, For it isevident that in the case of the “ Texas” 
if a hostile ship took up her position off the port bow | 
wo the starboard quarter, only one of the heavy guns 
could be trained on her, the smokestack interfering 
with the training of the other gun 

Of course, two could play at that game, and the 
would maneuver to keep her opponent from 


In this her good 


* Texas” 
placing herself in those positions 
speed, nearly 18 knots, and her quiek turning ability 
would be of great assistance. The 12-inch guns are 
supplemented by a battery of six 6-inch rifles, two 
being carried in sponsons on the gun deck on each | 
broadside and two others on the main deck, one for- 
ward and one aft These are supplemented by a 
numerous battery of smaller rapid-fire and machine 
guns. The turrets are armored with 12 inches of steel 
and their bases are inclosed by a diagonal redoubt 
armored with 12-inch steel plates, which serves to pro- 
tect the hydraulic machin 


ery used for operating the 


| 
'side armor is added, the guns are heavier, and are 


placed behind heavier armor, while the feature of high 
speed is maintained, 

The earlier ships of our navy were entirely of the 
cruiser class, and at the present time these ships con- 
stitute the most numerous portion of our fleets. 

THE ARMORED CRUISER “ NEW YORK.” 

Perhaps it is safe to say that there is no more widely 


known and popular ship in the new navy than the | 
great armored cruiser ‘‘ New York.” Certainly there is| 
none more handsome, unless it be that other imposing | 
armored cruiser, the ** Brooklyn,” for which she formed | 
the prototype. 
and high speed did much at the time of her appearance 
to advertise the excellent quality of the ships of which 
our new navy was being composed, She was selected 
to represent the United States at the great naval gath- 
ering at Kiel, on the occasion of the opening of the Bal- 


on the “New York.” Each of the twin 
driven by two complete triple-expansion engines work 
ing on the same shaft, a ex uuipling being placed bet ween 


tineh rapid-fire guns on the gun deck protected b) 
inehes of steel, eight rapid-fire 6-pounders, tw 
rapid-fire 1 pounders, four Gatling guns, and 1t 
field guns for landing parties ; she also earries ty 
torpedo tubes. The men working the rifles int! 

barbettes are protected by 10 inches of steel arm 

and the revolving turrets are 7 inches thick. TT! 

protective deck is 3 inches thick on the flat and 6 inche 
on the sloping sides, which ineline from 1 foot above t 
t feet 9 inches below the water line. Tothe protection 
afforded by this deck is added the protection of a verti 


cal belt of steel 4 inches thick, which extends amid- 
Her imposing proportions, great power | ships at the water line in the wake of the engines and 


boilers. 
A novel arrangement of the engines was in augurated 
screws i; 


each pairof engines. This 
was done with a view to 


guns. The boilers and en f 
gines are protected by a 
nickel-steel belt of armor 
12 inches thick, extending 
2 feet above the designed 
water line and 4‘ feet be- 
low it, having a length of 
116 feet. There is a pro- 
tective deck built of 2 
inch steel above the armor 
belt. 

In spite of the prover- 
bial bad luck which has 
followed her from the first, 
the * Texas” is said to be 
a popular ship with her 
officers and crew. She has 
a good freeboard and ear 
ries her guns high above 
the water—an invaluable 
quality at all times—and 
she is one of the steadiest 
ships in the navy, present 
ing an excellent gun plat 
form. She now forms one 
of the Flying Squadron, 
under Commodore Sehiley, 
at Hampton Roads, for 
whieh her high speed and 
handiness render her well 


adapted. 
ooo 
CRUISERS. 


THE cruisers are the light 


cavalry of the navy. As 
their name implies, their 
duty is to cruise the seas, 
keeping touch with the 
enemy's fleets and acting 
as the ‘‘eves” of the line- 
They are 
also intended for the 


of-battle ships 


double duty of attacking 
an enemy's commerce and 
defending that of the f 
country whose flag they 
earry. Fleets of merchant 
vessels or of transport 
ships will be ** convoyed ” 
by cruisers from port to 


port. Upon the cruiser 
will devolve the duty of 

hunting down, capturing , 
or sinking the armed mer yi 
echantmen, known as auxi 


liary eruisers, and the re- 
gular cruisers of the enemy, 
and she must be ready at 
any time to make a dash 
at her topmost speed with 
important naval dis 
patehes. 

For these special duties 
she requires to be a good 
sea boat with high freeboard, adapted for steaming 
at a high rate of speed in all weathers. She must 
be furnished with powerful engines, and her lines must 


be fair and fine; she must have a large coal supply, en 
abling her to keep the sea for lengthy periods; she 
must have ample berthing space for a numerous 
crew, some of whom will have to be placed aboard her 
prizes to carry them to a home port; and, finally, she 
must be armed with a »vowerful battery of medium 
caliber guns, to enable her to fight ships of her own 
class. 

These many requirements have evolved the swift pro- 
tected cruiser of to-day (see Fig L. page 3) with its high 
speed, light armor, and moderate armament, Out of the 
protected cruiser, which relies entirely upon a curved 
deck to keep out the shells, has come the armored cruiser 
(Fig. IL. page 3), in which an attempt is made to combine 
the speed of the cruiser with somet hing of the offensive 
und defensive powers of the battleship. A belt of thin 


ARMORED CRUISER “NEW YORK’’-STERN VIEW. 


tie Canal, where she won unstinted praise from the 
many naval experts who inspected her. 

The “ New York” was authorized in 1888, and was 
built under a programme which called for eight new 
vessels, the most important of which was to be an 
armored cruiser of 7,500 tons displacement. As actu- 
ally built, the ** New York” is larger, displacing 8,209 
tons. She was built by the Cramp Company from de- 
signs furnished by the Bureaus of Construction and 
Steam Engineering, and it is no exaggeration to say 
that from the day she was put into the water she has 
been an unqualified suecess. Her length is 380 feet 6% 
inches ; beam, 64 feet 10 inches ; and mean draught, 23 | 
feet 314 inches. Her ram bow and high freeboard are | 


conspicuously noticeable as the vessel is seen at anch or, 
the 8-inech rifles she carries being 25 feet above the water. | 
She has two of these rifles in a barbette forward on the 
main deck, two in a similar barbette aft, and two are | 
carried in broadside amidships. She has also twelve | 


using only the after en- 
gines for cruising purposes, 
the forward ones being 
uncoupled. The high pres- 
sure cylinders are 32 inches 
the intermediate 47 inches, 
and the low pressure cy- 
linders 72 inches in dia- 
meter, the stroke of all 
eylinders being 42 inches. 
Steam is furnished by six 
double-ended main boilers 
and two single-ended auxi- 
liary boilers, with a total 
heating surface of 32,958 
square feet. On her trial 
trip the ship averaged 21 
kuots for four consecutive 
hours. 

The naval board having 
charge of the trial, of which 
Rear Admiral Belknap was 
president, said it ‘* feels 
justified in recording its 
opinion that in the * New 
York’ the navy of the 
United States will possess 
a vessel which, as a combi- 
nation of superior speed, 
good armored protection, 
disposition of battery, ex- 


cellent sea-going qualities, 
and rare habitability, 
leaves little if anything to 
be desired for the purpose 
she was designed to tui- 
fill.” At the conclusion of 
the trial the forward en- 
gines were uncoupled and 
the vessel was run for eight 
hours under two engines 
and four boilers, with 
which she logged about 16 
knots an hour. 

One of our illustrations 
shows the York” 
when she was traveling 
at her full speed of 21 
knots or 24 miles an hour, 
and it shows very clearly 
the wave line and the mass 
of broken water thrown 
up at the stern. The 
photograph showing a 
stern view of the vessel 
was taken while the cruiser 
was in dry dock No. 2at 
the Brooklyn Navy Yard, 
being prepared for her 
hurried trip to Brazil dur- 
ing the recent rebellion. 
The two propellers are of 
manganese bronze, 16 feet 
in diameter and of 20 feet 
pitch. This view shows the great sweetness of the 
lines aft, a feature which contributes at once to her 
beauty and high speed. 


THE ARMORED CRUISER ‘“* BROOKLYN.” 
The aet of Congress of July 19, 1892, which authorized 


the eonstruction of the ** lowa,” also called for the con- 
struction of one armored cruiser of the general type of 


the * New York.” The construction of both ships was 
undertaken by the Cramp Shipbuilding Company. 
the plans being furnished by the government bureaus. 
The * Brooklyn” is an improved and enlarged ** New 
York.” as will be seen from the following comparison : 


Displace-| Horse | 
Length Beam. | Draught. ““inent. Power, | Speed. 
| Ft In In Tons. 
Brookivn |) 400) 6 slg | 24 9.215 | 219 
New York, 380 6le Bly 17,401 | 2100 
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He val capacity, 1aoreover, is 1,461 tons, as against 
1,20 is for the ** New York.” 
A vards armament, the * Brooklyn” carries eight 
Sit suns, as against six of this caliber carried on the 


“N,.. York,” and her broadside battery of rapid-fire | 


eun - of far greater weight and power. In the ** New 
Yor this battery is carried on the gun deck and is 
well -tributed throughout the full length of the ship. 
It -ts of 4inch rapid-fire guns, which fire a 33-pound 
shell \ ith a muzzle energy of 915 foot-tons; but on the | 


“Brooklyn” the main rapid-fire battery is made up of 
uore powerful weapons, the new 5-inch rapid-fire 


wu 

gun ng used. This fires a 50-pound shell with a muzzle 
velocity of 2,800 feet per second and an energy of 1,834 
foot ‘ons, the muzzle penetration being 13 inches of iron. 
Hight of these guns are carried on the gun deck and 
protected by Harveyized steel, and four are carried on 
the Lin deek above, upon which are also six of the 
8-ine! rifles. 


Al lirst glanee one is struck with the odd appearance 
of the three unusually lofty smokestacks and the 
exceptionally high forecastle deck. Warships, how- 
built for appearance; and these two 


ever, are not 
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In addition to the forward pair of 38-inch bow-chasers, 
|the forward pair of 5-inch guns on both the main 
jand gun decks are sponsoned well out from the 
|sides of the ship, enabling them to fire dead ahead ; 
}moreover, she can concentrate the fire of the two 
| pairs of 8-inch guns which are carried on either beam 
| amidships, the barbettes being carried well out from 
the ship for this purpose. The ship can converge the 
same weight of guu fire astern, and on the beam it is 
still heavier, being increased by the addition of the 
two 5-inch guns awidships. 

The important feature of interference has been care- 
fully provided for, and no gua will be hampered by the 
blast from the others. 

The * Brooklyn” has the large coal supply of 1,461 
tons, which will give her a radius of action of 6,088 
knots at a 10-knot speed. The protection consists of a 
protective deck 3 inches thick on the flat and 6 
inches on the slopes. The belt is 3 inches thick and 
between belt and slopes is a protection of coal. The 
water line is further protected by working in a water- 
excluding material, prepared from cocoa fiber, along the 
sides of the vessel. In the next naval operation of the 
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powerful enemy who might be giving chase, and a 
broadside battery of eight 4-inch rapid-fire guns. 

One of the most interesting features of this vessel 
lies in the machinery, with its triple set of screws and 
three independent triple-expansion engines. One screw 
(see illustration, page 19) is located immediately in 
front of the helm on the axis of the ship, and is of 10 
degrees more pitch than the others. The two other 
screws are located one on each side of the stern, about 
15 feet forward of the middle screw, and about 4 feet 6 
inches above it, the shafts inclining outward and up- 
ward, while the middle shaft is inclined slightly down- 
ward. The two side screws were set to the pitch found 
most advantageous on actual trial. By the triple serew 
arrangement the chances of a breakdown are lessened. 
If twin screws had been used, over 9,000 indicated horse 
power would have had to pass through one shaft to ob- 
tain the 18,509 horse power developed at the trial. With 
three serews, each shaft is subjected to a strain not ex- 
ceeding 6,170 horse power per shaft. The shafting is of 
forged steel, 1644 inches diameter. For ordinary cruis- 
ing, using the central serew alone, a speed of about 15 
knots is obtained; with the two side screws alone a 


Displacement, 9.215 tons. Speed, 21°90 knots. Maximum 


Guns: Main battery, eight 8-in.; twelve 5-in. rapid-fire; secondary battery, twelve 6-pounders, four 1-pounders, four Colts, two field guns. 


Authorized 1892. 


ARMORED CRUISER 
Coal Supply, 1,461 tons. 


“ BROOKLYN.” 
Complement, 516. 


Armor: Belt, 3 in.; deck, 3 to 6 in.; barbettes, 8 in.; turrets, 54% in. 


Torpedo tubes, four. 


features, though they may detract from her beauty | United States we may confidently look for great speed of 17 to 19 knots can be maintained, and with 


as compared with the *“*New York,” make her a 
much more effective fighting machine. The lofty fore- 
castle enables her to carry her forward pair of 8-inch 
guns some 8 feet higher than the ** New York.” or about 
30 feet above the water line, and she could fight them 
when steaming against a head sea that would be apt 
to flood and put out of action the same guns on a ship 
witha lower freeboard. This is a very valuable feature 
in a ship that will often have to chase an enemy that is 
Steaming against the wind. The lofty smokestacks give 
the result which is usually obtained by the use of forced 
draught—a device which experience has proved liable 
to be destructive to the boilers. In the forced draught 
*‘ystem, the cold air impinging on the tube-plate, when 
‘he furnaee door is opened for firing, causes severe ex- 
pansion and contraction strains, and frequently starts 
lerkage at the tube ends. There is less difficulty of the 
kind attaching to natural draught, and experience in 
the mereantile marine has shown that as good results 
ean be obtained by lengthening the smokestacks as by 
the employment of the foreed draught system. 


things from this handsome and formidable ship. 
THE PROTECTED CRUISER ‘* COLUMBIA.” 

The protected cruiser ‘* Columbia” differs from the 
armored cruisers New York” and Brooklyn” in her 
| sreater speed and her lighter armor and guns. She 
| Was authorized at the same time as the “Indiana” 
|type of battleships, the act calling for ‘ta protected 
|eruiser of about 7,300 tons displacement, to have a 
| maximum speed of 21 knots.” 

Both the ** Columbia” and her sister ship the ‘* Minne- 
| apolis,” authorized in the following year, created a con- 
| siderable sensation both when their designs were first 


all three screws at work at full power a high speed of 
22°08 knots was got out of the vessel. The screws are 
disconnected when not driven by the engines, so as to 
reduce their resistance. 

It was claimed by some critics of the ‘‘ Columbia” 
that although she showed a remarkably high speed 
on her trial trip, she would not be capable of main- 
taining a high continuous sea speed on a lengthy trip 
across the Atlantic. The government bureaus respon- 
sible for her design and her builders were equally satis- 
fied that she could stand the test of an ocean voyage, 
and eventually the Secretary of the Navy ordered her 


| made public and when they achieved their phenomenal | to cross from Southampton to New York at full speed. 
trial speeds. The ‘*Columbia” was designed to act as| She left Southampton shortly after noon on Friday, 
a commerce destroyer. Hence she was given -great | July 26, 1895, and reached Sandy Hook the following 
length, 412 feet, fine lines and extreme horse power—| Friday, the distance of 3.090 knots having been covered 
the indicated horse power on the trial being 18,509. Her | in 6 days 23 hours 49 minutes, at an average speed of 
protection consists of a steel deck 2 inches on the] 18°41 knotsan hour. The trial was made under natural 
flat and 4 inches on the slopes. The armament is light | draught throughout the whole trip. It had originally 
for a ship of her size, consisting of two 6-inch guns atthe! been intended to use foreed draught on the last day,, 
bow, one 8-inch gun at the stern, for stopping a more| but the force of coal passers was insufficient to bring 
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the coal from the more remote bunkers on the last day | lowing the authorization of the *‘Columbia.” She is of two smokestacks of large diameter for the four 
fast enough to supply the fires called a sister ship, though she varies from the earlier smaller stacks on the ‘ Columbia.” She carries ~ >; 
PUK PROTECTED CRUISER ‘‘ MINNEAPOLIS,” vessel in some details of design and in her outward ap- tons of coal more than the earlier ship, and her boil; 
Phe Minneapolis” was authorized in the year fol-| pearance, which is greatly changed by the substitution | are provided with one-seventh more grate area, (\)) 
‘ 
) 
PROTECTED CRUISER “COLUMBIA.” 
(Photographed at 22°83 knots speed.) 
: Displacement, 7,375 tons. Speed, 22°8 knots. Maximum Coal Supply, 1,670 tons. Complement, 556. Armor: Protective deck, 2 in. flat, 4 in. on slopes. Guns: Main 
$ battery, one S-in., two 6-in. slow-fire, eight rapid-fire 4-in.; secondary rapid-fire battery, twelve 6-pounders, four 1-pounders, two Colts, one field gun. Torpedo 
tubes, four, Authorized 1890 
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PROTECTED CRUISER “COLUMBIA” IN DRY DOCK No. 2 BROOKLYN NAVY YARD. 
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her trial trip she showed 
herself faster, covering the 
eourse at a speed of 23:07 
ots, as against 22°8 knots 
hieved by the 
bia” her engines indicat 
ince 20.862 horse power. 
he accompanying illus- 
tration from photo- 
graph taken while the ship 
wes running at her highest 
speed on her trial trip. 
The eourse was laid out 
from Cape Aun, Mass., to 
Cape Porpoise, Me., and 
was marked by eight gov- 
ernment vessels anchored 
along it. Everything was 
favorable to the trial, the 
weather being calm for the 
greater part of the time. 
Wien within two or three 
miles of the starting point 
forced draugbt was put on 
and she entered the course 
at the rate of 23 Knots. 
With her speed varying 
from 21 to over 24 knots, 
the first half of the course 
was completed. The ship 
then executed a long turn, 
and at high speed entered 
the other end of the course 
for the seeond run. The 
early portion of the return 
trip was made at the rate 
of 25° knots, and when 
the entire distance of near- 
lv SS marine miles was cou- 
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CRUISER “COLUMBIA” IN DRY DOCK No. 2 BROOKLYN NAVY YARD, SHOWING THE ARRANGEMENT 
OF TRIPLE SCREWS. 


Seeretary of the Navy 
were constructed at the 
government navy yards, 
the “Cincinnati at Brook- 
lyn and the “ Raleigh” at 
Norfolk. 

The “ Cineinnati”™ is 300 
ft. long, 42 ft. beam and 
hasa draught of 18 ft., with 
a displacement of 3,213 
tons. With an indicated 
horse power of 10,000, she 
has a speed of 19 knots. 
Her bunker capacity is 460 
tons, and her maximum 
draught, loaded for sea, 
is 20 ft. 2in. The engines 
were constrreted at the 
Brooklyn Navy Yard, and 
it is claimed that in cost 
per horse power and in per- 
formance they 
favorably with the engines 
built by contract. The 
ship is driven by twin 
screws, and the engines 
are of the triple-expansion 
type with four cylinders, 
the high pressure, interme- 
diate and the two low 
pressures. low-press- 
ure cylinders were used on 
aceount of the difficulty in 
finding room for one large 
eylinder, on aceount of the 
narrowing of the ends of 
the ship. 

The armament is heavy, 
consisting of ten 5-inch 


compare 


pleted, the average speed, as deduced with the correc-| line is very clearly defined, as is the crest of broken | rapid-fire guns and one 6-inch slow-fire gun, together 


tions for tide, was 23-073 Knots per hour. 
The illustrations of both the “Columbia” and the | 
are of special interest, on, account of 


* Minneapolis 


the great speed at which they were taken. 


| Water thrown up by the triple screws. 
PROTECTED CRUISER CINCINNATI.” 


| with a numerous battery of smaller rapid-fire and ma- 
| chine guns. The 6-inch gun is mounted on a bow chaser 
The * Cincinnati ” and her sister ship the “ Raleigh ”| on the foreeastle deck, and two of the 5-inch guns are 
The wave| were authorized in 1888, and by the direction of the mounted at the same height on the poop, one on either 


PROTECTED CRUISER “MINNEAPOLIS.” 
(Photographed at 23°07 knots speed.) 


Displacement, 7,375 tons. Speed, 2307 knots. Maximum Coal Supply, 1,891 tons. Complement, 556. Armor: [’rotective deck, 24 in. on flat, 4 in. on slopes. Guns; 
Main battery, one 8-in., two 6-in, slow-fire, eight rapid fire 4-in.; secondary battery, twelve 6-pounders, four 1-pounders, two Colts, one field gun, Torpedo tubes, 


four, Authorized 1891. 
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beam. Of the other 5-ineh 
guns, two are earried on 
the gun deek forward be 
neath the foreeasile deck, 
two aft on the same deck 
beneath the poop and the 
other four are carried 
amidships in the open 
The 


guns beneath the forecas- 


waist of the vessel 


tleand poop are sponsoned 
well out from the sides of 
the vessel, so as to allow 
them to fire respectively 
dead ahead and dead 
astern, 

The disposition of the 
guns is excellent, and as all 
of them but one are of the 
rapid-fire type, these ships 
are among the most for 
midable fighting machines 
for their size in the navy. 
Judging them on the basis 
of weight of shel! thrown 
in agiven time per ton of 
displacement, they are un- 
surpassed, unless it be by 
the United States cruiser 
*Olvinpia” or the reeently 
acquired New Orleans.” 

PROTECTED CRUISER 

* CHICAGO.” 

This very handsome ves- 
sel was the largest and 
most powerful of the three 
protected eruisers which 
formed the nucleus of the 
new navy, the others being 
* Atlanta” 
Like them, 


the twin ships 
and ** Boston.” 
she was contracted for by 
John Roach, of Philadel 
phia, and partly construct 
After 
his failure she was com 
pleted by the government. 


The 


ed in his yards. 


“Chicago 
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Displacement, 3.215 tons. 


Protective deek, 1 in. 


in. 
Torpedo tubes, two. 


secondary rapid-tire 


PROTECTED CRUISER ‘ CINCINNATI.” 


Speed. 19 knots. 
on flat, 24% in. on slopes. 


Maximum Coal Supply. 460 tons. 


Complement, :}14. 
Guns: Main battery, one slow-fire 6-in., ten rapid-fire 
battery, eight 6-pounders, two 1-pounders, two Colts, one field gun. 
Authorized 18s. 
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Armor: 


the accompanying engray 
ing of the flagship. Unlike 
the Atlanta” and Bos 
ton,” she has a high free 
board, the heavier guns 
being carried a deck higher 
above the water than on 
those ships, and this rend- 
ers her a dry and comfort- 
able ship in bad weather, 
and allows more liberal 
berthing space for the 
erew, who number, all 
told, 376 men. 

The main 
made up of 
guns, eight 6-inch and two 
5-inch slow-firers, and a 
secondary rapid-fire batte- 
ry of seven 6 pounders, two 
1-pounders, and three ma- 
chine guns. The &inch 
guns were mounted on the 
main deek in sponsons 
sarried well out to se- 
eure a good train forward 
and aft, and they were 
protected by shields. Be- 
low on the gun deck were 
the 6-inch and 5-ineh guns 
in broadside, the two for- 
ward and the two aft guns 
being also sponsoned out. 
The secondary battery was 
variously distributed 
throughout the ship. 

In the remodeling of the 
ship, which is being ecar- 
ried out at the Brooklyn 
Navy Yard, the 6-inech and 
the 5inch slow-fire guns 
are being replaced by a 
battery of 5-inch rapid-fire 
guns, thereby greatly in- 
creasing the offensive pow- 
er of the ship. The see- 
ondary battery has also 


battery was 
four 8-ineh 


‘is 325 feet long, 48 feet 2 inches in| flagship of the White Squadron to European waters, | been changed, as shown in the tabulation accompany- 


beam and draws 1 feet of water, with a displacement | where she attracted mueh attention on account of her| ing the illustration of the ship. 


of 4,500 tons. 


As originally built, she carried the rig of | handsome model and fine proportions, 


The praise be- | 


| 


The machinery was of a novel type. 


There were 


a bark, and it was under this rig that she went as! stowed upon her was well merited, as will be seen from! two large compound engines, the cylinders of which 


PROTECTED CRUISER 


“ CHICAGO.” 


Displacement, 4,500 tous. Speed (estimated), 18 knots. Maximum Coal Capacity, 832 tons. Complement, 409. Armor: Protective deck, 144 in. throughout. Guns: Main 
battery, four S-in., fourteen rapid-fire 5-in.; secondary rapid-fire battery, seven 6-pounders, two 1-pounders, two Colts, one field gun. Authorized 1833. 
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vere placed one on each 
side of the center line 
f the ship and con- 
weted to overhead 
ithwartship walking- 
beams, Which served to 
rive the erankshafts on 
he opposite side of the 
hip. Thus the 
ward evylinder drove 
he port screw shaft and 
vice versa. The boilers 
were of the externally 
tired return-tube eylin 
lrical type, the furnaces 
being brieked up 
cround the outer shell, 
hese engines and boil 


star- 


ers gave good service 
luring the six or seven 
vears that the ** Chiea- 
co” was in commission, 
but they are now to be 
replaced by modern 
expansion en- 
and nieckel-steel 
boilers, the latter, by 
the way, the first of the 
kind to be used in the 
navy. 


triple- 


vines 


PROTECTED CRUISER 
CHARLESTON 

The protected cruiser 
“Charleston” was au- 
thorized in 1885, the bill 
calling for the construe- 
tion of two cruisers and 
two gunboats. The 
ships built under this 
programme were the 
cruisers *‘* Charleston” 
and ** Newark” and the 
gunboats * Yorktown ” 
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Displacement, :},730 tons. 


deck, 2 in. on flat, 3 in. on slopes. 


PROTECTED CRUISER “ CHARLESTON.”’ 
Speed, 18°2 knots. Maximum Coal Supply, 758 tons. Complement, 306. Armor: Protective 
Guns: Main battery, two 8-in., six 6-in. slow-fire; secondary rapid-fire 


battery, four 6-pounders, two 3-pounders, two 1-pounders, four 37-mm. Hotchkiss, two Colts, one field gun. 


Authorized 1885. 


to allow of the eylinders 
being placed well below 
the water line, but the 
use of the protective 
deck, strengthened in 
the wake of the eylin- 
ders and protected by 
coal bunkers, has en- 
abled the designers to 
give ample protection 
to engines of the verti- 
eal type. The problem 
of protection has been 
simplified, moreover, by 
the high piston speed 
now in vogue, and the 
higher steam pressures, 
which enable a much 
shorter stroke to be 
used, bringing the tops 
of theeylinders well 
down to the water line. 
The contract called for 
an indieated horse pow- 
er of 7,000, with a corre- 
sponding speed of 18 
knots an hour, On her 
four hours’ trial the 
ship failed to reach the 
horse power, indicating 
only 6,666, but she ex- 
ceeded the speed by 0°20 
of a knot, and at times 
during the four hours’ 
run she made as high 
as 19 knots. 

The “Charleston” car- 
ries two $-inch guns, one 
forward and the other 
aft, and six 6-inch slow- 
firers in broadside, the 
guns being all protected 
by shields. She has 


and ** Petrel.” The plans for the ‘* Charleston” were | inches, beam 46 feet 2 inches, draught 18 feet 7 inches | a single large funnel and two military masts. The 


purchased from the Armstrongs and had to be consider- | and displacement 3,730 tons. 
ably revised by the builders, the Union lron Works of | screw, 
San Franciseo, the most notable changes being made | cated horse power. 


in the machinery. 


The dimensions of this ship are: 


horizontal, compound engines of 6,666 indi-| nine years since she was first 
These engines were among the | she has been employed on the Pacifie coast. 


She is driven by twin-| ship has proved a serviceable cruiser, and during the 


in commission 
She is at 


put 


last of this type to be put intoaship for our navy.| present being overhauled at the Mare Island Navy 


Length 312 feet 7| Horizontal engines were used in the earlier warships | Yard, San Francisco. 


PROTECTED CRUISER “ BALTIMORE.” 


Displacement, 4,413 tons, Speed, 20°1 knots. Maximum Coal Supply, 1,144 tons. Complement, 386. Armor: Protective deck, 24¢ in. on flat, 4 in, on slopes. Guns: | 
Main battery, four 8-in., six 6-in. slow-fire ; secondary rapid-fire battery, four 6-pounders, two 3-pounders, two 1-pounders, four 37-mm. Hotchkiss, two Colts, 


one field gun. 


Authorized 1886. 
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minum of $100 for every ad 
BALTIMORE ditional horse power. The 

It is just now a faet of Cramps gave in this vesse| 
special interest that the : = the first indication of thei: 
= ability to largely exceed 

the contract horse power 
and speed in ships built at 


PROTKCTED CRUISER 


“Baltimore,” at present 
tationed at Honolulu, was 
built from plans whieh | 


ere originally offered by J : 3 = their yards, for the ** Balti 
the Arustrong Company : more” indicated 10,064 
competition for the con- horse power and main a 


tained an average speed 
for five hours of 20°1 knots. 
thereby winning for the 
firm a bonus of over $100, 
000, 

The displacement of the ; 
** Baltimore ” is 4,413 tons, 
as compared with 3,730 tons 
for the ** Charleston,” and 
the extra 683 tons has been 
turned to good account. 
She carries four &-ineh guns 
in place of the two carried 
by the * Charleston,” and 
these are placed some & feet 
higher above the water 
line, two forward upon a 
be maintained for four forecastle deck and two aft 


hours, and offered a pre PROTECTED CRUISER “SAN FRANCISCO’? AS COMPLETED. upon the poop. Thesix 6 


struction of a eruiser for 
the Spanish government. 
They were purchased by 
the United States govern- 
ment and the contraet to 


construct the ship was let 


} to the Cramp Company, 
who, after making several 
changes in the plans, 
turned out the handsome 
and very suecessful) pro 
tected eruiser “ Balti- 


more.” She was author 
ized in and went into 
commission January 7, 
The eontraet called 
for 9.000) horse power, to 
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: FULL SPEED DURING TRIAL TRIP-SHIP NOT YET R 


IGGED. 


PASSING A STAKEBOAT-THE BOW WAVE. WAVE-LINE SEEN FROM ASTERN. 


PROTECTED CRUISFR “SAN FRANCISCO"-AFTER THE TRIAL TRIP-—RECORD 195 KNOTS. 
Displacement, 4,008 tons, Speed, 15 knots. Maximum Coal Supply, 628 tons. Complement, 383 Armor: Protective deck, 2 in. on flat, 3 in. on slones. Guns: Main 
battery, twelve 6-in. slow-fire; secondary rapid-fire battery, four 6-pounders, four 3 pounders, two 1-pounders, three 37-mm. Hotchkiss, tour Gatlings, one field 
un. Torpedo tubes, four. Authorized 1887. 
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inch guns are carried in the waist of the ship upon the 
deck in broadside. All the guns are sponsoned 
ou! on the beam and together they constitute a very 
powerful battery for a ship of this size. The liberal 
fr. eboard of the * Baltimore,” the height at whieh she 
carries her guns, her speed and general serviceableness 
ler her a popular ship in the navy. When her six 
jioch slow-fire guns are replaced by 5 or 6-inch quick- 
will compare favorably with ships of a 


wun 


fircrs, she 
later date, 

ihe protective deck is 2'4 inehes on the flat and 4 
inches on the slopes, as against 2 inehes and 3 inches 


in (he “Charleston.” She carries a crew of 386 men, as 


Displacement, 5,870 tons. 


Speed, 21°7 knots, Maximum Coal Capacity, 1,170 tons. 


: later ships. The stee! deck in the ‘ Philadelphia” is 


Bunker 


Length Beam. Draught. | piace lapeca ms from 244 to 4 inches thick and in the ‘‘ San Francisco” 
| Japac 
| from 2 to 3 inches. 


San Francieco|310 ft. 19 ft. 2in. |IR ft. 9in, | 4,098 19°53 | «28 tone The trial trip of the “San Francisco” took place 

Philadelphia. |327 ft. 6 ft. 7g in] 19 ft. in. | 4.324 | 19°68 tons | before the masts were stepped or the guns mounted, 

: t ee The engraving at the top of page 22 shows the vessel 

as finally completed. Those taken during the trial 

trip are of special interest, as showing the curious wave 
line formed when the ship was running at full speed. 

PROTECTED CRUISER OLYMPTA,” 

The “ Olympia,” 5,870 tons, has been called a smaller 

edition of the ** New York,” 8,200 tons ; and it is true that 

in armament, speed and handsome appearance there is 


The contract for both ships called fora speed of 19 
knots, and a premium of $50,000 was offered for each 
'y knot above this, a deduction of a like amount to be 
made forevery '4 knot by which the ships failed to reach 
the contract speed. The engines were of the horizon 
tal triple-expansion type, the Cramps designing the 


PROTECTED CRUISER “OLYMPIA.” 
Complement, 450. Armor: Protective deck, 2 in. on fiat, 434 in. on slopes. Guns: 


Main battery, four 8-in., ten rapid-fire 5-in.; secondary rapid-fire battery, fourteen 6-pounders, seven 1-pounders, four Gatlings, one field gua. Torpedo tubes, 


live. Authorized 1888, 

acinst 306, and her bunker capacity is 1,144 tons, as 

‘ainst 758 tons in the smaller ship. A notable service 

performed by the ‘* Baltimore” was the transfer of 

Ericsson's body from the United States to its resting 

Place in Sweden, the great inventor's native land. 
PROTECTED CRUISER ‘* SAN FRANCISCO.” 

The proteeted cruiser “San Francisco” and her sister 
‘hip the * Philadelphia” were authorized in 1887, the 
former being built at the Union Iron Works and the 
The points of difference in the 
boats are given in the following table : 


latter by the Cramps 


It must be remembered, however, 


engines of the Philadelphia” and those of the “San |a certain likeness. 
Francisco” being built from government plans. Each|that they are not of the same type, the ‘ Olympia 
ship won a premium of $100,000 for the contractors. |having no side armor and, therefore, coming in the 
The armament of the two ships is identical. The | class of protected ships. 
main battery consists of twelve 6-inch slow-fire guns. There is a certain respect in which the *‘ Olympia ” can 
Two of them are mounted on the forecastle deck, two | easily challenge comparison with any other protected 
on the poop and four are ranged in broadside on the | cruiser, either in our own or in any other navy of the 
gun deck. Both ships carry their guns well above| world. We doubt if there is any protected ship 
the water, and when they have been rearmed with | which can show on a given displacement so bigh a de- 
velopment of the various qualities which go to make 


quick-firers, as no doubt they soon will be, they will 
up the efficiency of this type of warship. The genius 


compare favorably in fighting power and speed with 


| 
\ 7 
| \ 
q 
\ \ 
| | aN 
i a \ 3 
| 
19635 


24 NAVY EDITION OF TILE SCIENTIFIC] AMERICAN 


of the naval designer will be shown in the manner in | 
which he distributes his weights ; and the most suecess- | 
ful ship will be that which secures a high all-around | 
efliciency without the sacrifice of any one essential 
feature. It would be an easy matter, comparatively, | 
to build a ship which should be at once the fastest, | 
best protected, most heavily armed, and have the | 
wreatest coal endurance of any ship in the world—pro- 
vided there were no limit upon displacement. The 
“Columbia” ean steam 28 knots against the Olym- 
pia’s 21°68 knots; but to get thisi4¢ Knots of extra 
speed she has had to saerifice her offensive power to 
such an extent that she would be an easy prey to the 
suiaiier ship in a naval duel. Judged by the ships 
which have lately been produced, the United States 
designers are considerably ahead of those of foreign 
navies in their ability to turn out ships with an all- 
around efficiency. A comparison of the ** Olympia” 
with the new “ Eelipse” class of British cruiser, built 
from government designs, will show this very clearly 
The great superiority of the * Olympia” over the 
* Eelipse” on every point of comparison cannot be at 
tributed to the extra 200 tons displacement of the | 
former. The main battery of the Olympia,” composed 


Armament, 


Protective 
deck. 
Normal coal 
carried. 


Tons. 

| Four 8 ten 

| | | 5-in. quick fire, 

“ Olympia”..... 5,870 17,313 21°68 | 434 to 2 400) fourteen 6 


| pounders, 12 
light guns. | 


Five 6-in.| 

| quick fire, six 

Eclipse”... 5,000 9,600 195 | 3 550) #7 in. quick 
quick fire, six 
light guns. 


of four 8-ineh and ten 5-inch breech-loading rifles, is en- 
tirely on the main deck. The four 8-inech guns are 
mounted in pairs in two turrets of Harveyized steel 344 
inches thick, revolving within barbettes of 4-inch nickel | 
steel armor. Firing through an are of 208 degrees and 
having an axial height of 22 feet, these guns have a 


sreat range of action, besides being unusually well pro- | 


tected trow: return fire. 
The ten 5-inch guns, which are of the rapid-fire type, 


| 


are housed in armored sponsons 4 inches thick, and | 


from four guns and a broadside discharge on either 


are so placed that they give a direet bow or stern fire 


side from five. 
The secondary battery, composed principally of | 
fourteen 6-pounder rapid-fire guns, is stowed in arm. | 


ored sponsons on the gun deek and along the ham-| 


'mock berthing above the 5-inch guns, affording the 


greatest convenient range and command. The dispo- 
sition of the 6-pounders on the berth deck is such that, 
while free from the flash of the main battery above, 
they may maintain a complete belt of fire around the 
ship. The seven 1-pounders and the four Gatling guns, | 
which constitute a minor phase of the secondary bat- 
tery, are distributed in the fighting tops and at ad- 
vantageous points on the bridges. There are six tor- 
pedo discharges ; one at the bow, one at the stern and | 


two on each broadside. 

The vessel has twin serews, each shaft being driven | 
by its own vertical triple-expansion engine. While | 
not admitting strictly of comparison, the * Olympia ” | 
and the ** Minneapolis ” have engines individually alike, 
one having two sets and the other three. On trial, the 
* Minneapolis” developed nearly 21,000 horse power, a! 


== 


THE “OLYMPIA ’’—MAKING 22°26 KNOTS. 


proportion of 7,000 for each engine ; and the ** Olympia” | 
developed 17,313—over 1,600 horse power more in each 
engine than was realized by the larger craft. The | 
“Olympia” was built by the Union Iron Works, and | 
since her commission has done duty in Pacific waters. | 
She is now the flagship at Hong Kong. 

UNPROTECTED CRUISER ‘ DETROIT.” 

The three unprotected cruisers ‘* Detroit, ~ Marble- 
head” and “ Montgomery” were authorized in 1888. 
The first and last were built at the Columbian Iron 
Works, Baltimore, and the ** Marblehead ” at City Point 
Works, Boston. 

Unprotected cruisers rely solely upon coal and a very 
minute subdivision of the compartments in the region 
of and below the load line for protection against seri- 
ous injury. This is further seeured by cofferdams worked 
in the vicinity of the machinery spaces and filled with | 
cellulose or other water-excluding material to prevent 
the water, in case of injury, from finding its way to the 
larger compartments in the center of the vessel. 

Allthe machinery, dynamos and magazines are placed 
beneath a watertight deck of thin plating, which at its 
outboard ends is some three feet beneath the water 
line, but rises considerably above it in the central por- 


SUPPLEMENT. 


tions. The object of this deck is not so much to aff: 
resistance to ashot from an enemy, but to allow the si: 
of vessel to be pierced near the load line, or even bel. 
it, without flooding the compartments containing 1) 
boilers, engines and magazines. The dimensions a) 
as follows : Length, 257 feet ; beam, 37 feet ; draught, || 
feet 7 inches; displacement, 2,089 tons. 

The armament of ten 5-inch rapid-fire guns is carrie: 
as follows: One each on the foreeastle deck and th 
poop, two in wide sponsons on each broadside, givity 
dead ahead and astern fire, and between these are two 
other 5-inch guns on each broadside. The trial speed 
of the ** Detroit” was 18°71 knots. As these boats are 
intended for long cruises on distant stations, they are 
furnished with specially roomy accommodation for offi 
cers and crew. 

PROTECTED CRUISER ** NEW ORLEANS.” 

The “ New Orleans,” formerly the ** Amazonas,” of 
the Brazilian navy, is one of two vessels recently 
purchased by the government from Brazil. The sister 
ship, which is not yet completed, will be Known as the 
Albany.” These vessels were ordered frum the Arm- 


| strong Company, Neweastle, England, by the Brazilian 


government, and at the time of their purchase the 


‘** Amazonas” was in commission and about to sail tor 
Brazil. 

The ** New Orleans” is a typieal boat of the kind 
turned out by the builders, and exhibits the character- 
istic qualities of good speed and abnormally heavy 
battery, comparing in this respect with our own ** Cin- 
einnati.” The principal dimensions, etc., of these twin 
ships are as follows: Length, 330 feet ; beam, 43 feet 9 
inches ; draught, 16 feet 10 inches; displacement, 3,600 
tons. They have twin screws and engines, the horse 
power being 7,500 and the speed 21°05 knots. Their 
normal coal supply is 700 tons, though they have stow- 
age room for more. They are protected by a Harvey 
steel deck which is 3 inches thick where it curves down 
below the water line along the sides. 

The battery is, for thé size of the ship, very powerful. 
It is not only powerfal in numbers, but owing to the 
fact that its guns are of the latest pattern, they have 
vastly greater power for their size than guns that were 
built only four or five years ago. Armstrongs are 
builders of bo‘ h the wirewound and the hooped types 
of gun, and -apons turned out by this firm have 
shown very high ballistic results. Not only are these 
guns more powerful for their weight, but they have 
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improved breech 
mechanism which 
enabies them to 
be fired with 
sreater rapidity. 
Che following 
comparison of the 
‘New Orleans” 
with a ship of the 
same size and 
type built for the 
British navy from 
vovernment plans 
shows clearly the 
wreater fighting 
power of the 
former. The fig- 
ures are taken 
from the official 
tables of the Brit- 
ish navy and the 
firm of builders, 
The speed of fire 
is that actually 
obtained by crews 
on board ships in 
commission. The 
* Intrepid” is one 
of aclass of thirty 
ships built under 
the late Naval 
Defense Act, and 


though not so up-to-date as the “ Amazonas,” may 
be cousidered as a good example of the average pro- 
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Displacement, 2,089 tons. 


UNPROTECTED CRUISER “ DETROIT.” 


Speed, 18°7 knots. 


Maximum Coal Supply, #40 tons. 


Complement, 256. 


Armor: 3,-in. water- 


tight deck. Guns: Main battery, ten 5-in. rapid-fire ; secondary rapid-fire battery, six 6-pounders, two 1-pounders, 


two Colts, one field gun- 


tected cruiser of the existing navies of the world. 


COMPARISON OF TOTAL ENERGY OF FIRE DURING 
FROM EITHER BROADSIDE, 


ONE MINUTE 


| | 
Shots per | 


science and 


| 
Number and Size| Muzzle é Total 
| of Guns, Energy. Energy. 
“New Orleans Four 6-inch. (4,840foot tons 6 | 116,160 
(“Amazonas Two 47-inch, (2,158 2 51.792 
1997 .......| ( Five 22¢ich.| 20 20 
| 195,052 
| | 
“Intrepid,” Two6ginch 3356 “ “ 5 | 33,560 
Three 47-inch. 144" 10 44,820) 
|! Four2-24-inch. | 137 * | 10,960 
80,340 
| 


* This rapidity of fire would not of course be maintaimed for any length 
of time in the excitement and slaughter 


tigures, however, serve for the present comparison. 


of a modern sea fight. The | POWders. 
| As further illustrating the development in naval de-! 


Torpedo tubes, two. Authorized 1888. 


the two ships are of the same size, the ‘** New Orleans” 
can deliver from her broadside more than double the | the 
energy of shell fire that the * Intrepid 


| 


From this comparison then it isevident that although | the ship was formally handed over by Commander 
Corres, of the Brazilian navy, to Lieut. Colwell, of 
United States navy. The 
> can, although | hauled down and the stars and 
the latter ship was built only five years in advance of |up, accompanied by a salute from the old fort at 


DECK PLAN OF THE “NEW ORLEANS.” 


construction advances. 


energy is due to increased velocities resulting from the | 
greater length of the guns and the use of improved 
* New Orleans”... 


the former—such is the rapidity with which naval)! Tilbury, whose guns had not spoken for two centu- 
The increased | ries past. 


Thickness 


of Deck. Horse Power, Speed, Capacity. 
3 inches, 7,500 


Displacement, 3,600 tons. Spe: 
6-in. rapid-fire, four 4 


Brazil 1898, 


rr PROTECTED CRUISER “NEW ORLEANS” (FORMERLY “ AMAZONAS.’’) 
%) knots. Normal Coal Supply, 700 tons. Complement, 350. Armor: Protective deck, 3 in. on slopes. Guns: Main battery, six 
‘ire; secondary rapid-fire battery, ten 6-pounders, four 1-pounders, four machine guns. 


Brazilian flag was 


Torpedo tubes, three. 


sign ina brief five 
years, Wwe append 
below a further 
comparison. 

We tind, then, 
that by the use of 
improved materi- 
als and methods 
the naval archi- 
tect has been 
able, out of the 
same capital (3,600 
tons displace- 
ment) to produce 
aship having su- 
periority on every 
point of compari 
son—a ship with 
more speed, with 
50 per cent better 
protection, 80 per 
cent larger coal 
‘apacity, and over 
100 per cent more 
powerful arma- 
ment, 

The transfer of 
the ship took 
place at Graves- 
end, at the mouth 
of the Thames, 
England, when 


stripes were ru: 


Coal 
20°00 700 
1v75 4100 


Purchased from 
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MONITORS. 
THE monitors 


ofour navy forma 
connecting link 
between the early 
and later systems 
of armored war- 
ship construetion, 
They 


their original de- 


embody in 
sign the lessons 
which had been 
learned in the na- 
val operations of 
the civil war, and, 
as their name im 
plies, they are 
modeled after the 
pattern of Eries- 
famous 
“Monitor.” The 
chief characteris 


Ss 


ties of this type of 
ship are moderate 
speed, low free 
board, making 
them ai diffieult 
objeet to hit, 
thick armor, and 
an armament of a 
few exceptionally 
heavy guns. Sit 
ting low in the 
water, they are 
not suited for 
work on high seas, 
and their sphere 
of operations lies 
within sheltered 
waters, such as 
are found in our 
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Displacement, tons 


authorized 


Speed, knots. 
sides, 5 to 9 in.; barbettes, 1146 in.; turrets, 7'¢ in. 
rapid-fire battery, two 6-pounders, two 3-pounders, two 37-1m. Hotchkiss, two 1-pounders. Keel laid 1874. 


MONITOR 


“ AMPHITRITE.” 


Maximum Coal Supply, 250 tons. 


Complement, 182. 


SUPPLEMENT. 


Armor: Deck, 1°; in.; 
Guns: Main battery, four 10-in., two rapid-fire 4-in.; secondary 
Completion 


the close of the 
civil war and the 
date of the con 
struction of our 
modern navy. 
The building of 
even these five 
ships was carried 
on slowly, and it 
was stopped’ be- 
fore they were 
completed. The 
shells of the ships, 
with their engines 
on board, but 
with no armor or 
arinament, were 
laid up, and it 
was not until 
March 3, 1885, 
that an appropri 
ation of $3,178,046 
was made for 
their completion. 

Of the five 
monitors, three, 
the “ Miantono- 
moh,” ‘*‘Monad- 
nock” and Ter- 
ror,” are sister 
ships to the ** Am- 
phitrite.” which 
is of 3.990 tons 
displacement, the 
“Puritan” 
considerably larg- 
er, 6,060 tons, and 
earrying 12 inch, 
against the 10- 
inch guns of the 
smaller ships. 


being 


MONITOR ‘“‘ AMPHITRITE.™” There is another monitor, the ‘‘ Monterey.” similar in 
The formidable little warship which forms the sub-| design but more modern in construction, which was 
ject of the accompanying illustrations is one of a group | built by the Union lron Works, at San Franciseo, 
Strictly speaking, they are floating batteries, and as | of five similar vessels whose keels were laid as far back | and is now stationed on the Pacific coast. 
such they are intended to co-operate with the land | as the year 1874. In the official lists of the navy they| The hull of the ** Amphitrite” is built of iron. It is 
lefense of our coasts. But though the | are deseribed as iron low-freeboard coast-defense moni- | constructed on the cellular system, and the double bot- 
monitor is designed specially for harbor defense, it) tors. With the exception of a few small gunboats, they | tom rounds up into the sides to within 3 feet of the 
would be quite capable of taking part in a fleet action | represent the only new construction attempted in the | water line, where it forms a shelf on which is carried 
navy during that long twenty years intervening between | the armor belt. This is 7 feet high, and reaches to the 


bays and harbors. This is their proper sphere of ac- 
tion, and to enable thei to maneuver in shoal waters 


they are designed to have as little draught as possible. 


batteries in 


off the coast in ordinary weather 


COAST DEFENSE MONITOR “AMPHITRITE"-THE FORWARD PAIR OF 10-INCH GUNS, 
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juain deck, 4 feet above the 
vaterline. The belt tapers 
i) thiekness from 9 inches 
ajuidships to 5 inches at 
the ends, The main deck 
of 134-ineh steel, overlaid 
with wood. The barbettes 
aod turrets are of Harvey 
cel, with a thickness of 
and 7g inches re- 
s eetively. The roof of the 
turret is plated with 1'¢- 
inch steel. The conning 
tower is of 9-inch Harvey 
steel. It stands just abaft 
the forward turret. Im- 
mediately above it is the 
ehart house, and above 
this the flying bridge. Be- 
tween the two turrets is 
the superstructure, which 
earries upon its deck two 
{inch rapid-fire guns, two 
§-pounders, two 3-pound- 
ers. and two 1-pounder 
rapid-fire guns. We give 
two illustrations of the 
fineh guns, which, al- 
though they are of com- 
paratively small size, are 
among the most effeetive 
and handy weapons in the 
navy. They are mounted 
on steel carriages which 
rotate on a circle of rollers, 
carried by a cast steel 
pedestal which itself 
firmly bolted to the deck. 
A semicireular shield 2 
inches thick is attached 
by brackets to the top car- 
riage and rotates with the 
gun. The shield reaches 
well down over the pedes- 
tal and affords full pro- 
tection to the gun mount 
and the crew. The gun, carriage aud shield are so even- 
ly balanced that the piece can be trained and elevated 
with the greatest ease. The illustration taken from the 
rear shows the breech mechanism, the recoil cylinder 
beneath the gun and the sights. The training is 
effected by the crank wheel at the side and the eleva- 
tion by the worm and pinion, which ean be seen in the 
side view of the gun. 

The main fighting power of the ‘* Amphitrite” lies in 
her four big 10-inch guns, which are mounted in pairs 
within the main turrets. This gun weighs 25 tons and 
fires a 500-pound shell ata velocity of 2,000 feet per 
It can penetrate 18°75 inches of steel at the 
muzzle, 16°82 inches at 1,000 yards and 15 inches at 
2,000 yards, 

The ** Amphitrite” is driven by the original twin 
screw engines designed in 1870. They are of the direct 
acting inclined compound type, and the arrangement 


second. 


of the cylinders and cranks is very interesting as show- 
ing how the designers contrived to stow away such 
large machinery below the level of the protective deck. 
The cylinders which drive the port propeller shaft are 


engines thus crossing each other diagonally. They are 
of 1,600 indicated horse power, and will drive the 
“ Amphitrite ” at a speed of 10°5 knots per hour. She 
carries a complement of 182 all told. 
MONITOR * TERROR.” 

The monitor Terror” differs from the ‘ Amphi- 
trite” in having no barbettes, the turrets projecting 
directly above the main deck. In this respect both she 


and the ** Monadnock ” are inferior to the ‘* Terror,” 
* Puritan” and ** Monterey,” which have an increased 
command for their guns, due to a low barbette. 

There has lately been installed on the ‘“‘ Terror” a 
compressed air system for loading and manipulating 


FOUR-INCH RAPID-FIRE GUN WITH REVOLVING SHIELD-COAST DEFENSE MONITOR “AMPHITRITE.” 
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the guns and steering the 
ship, which is spoken ot 
very favorably in the last 
report of the Secretary of 
the Navy. 

The use of compressed 
air as a motive power on 
board a warship presents 
several advantages over 
steam or hydraulic power 
which render it a power- 
ful competitor. As com- 
pared with steam, it is less 
dangerous, especially dur- 
ing an action, when a 
broken steam pipe might 
prove terribly fatal, and 
it enables certain parts of 
the ship to be kept at an 
even temperature, which 
would otherwise be ren- 
dered uncomfortably hot 
by the presence of steam 
piping, Steam and hy- 
draulic engines, moreover, 
require exhaust pipes dis- 
eharging outside the hull 
of the ship; whereas the 
exhaust from the pneu- 
matic cylinders may be 
turned into the ship or 
into the outside air, as 
way be most convenient. 
There are certain locali- 
ties in a ship where the 
exhaust from a pneumatic 
engine would prove a valu 
able source of ventilation. 
as, for instance, in a turre! 
crowded with men and 
machinery, or in the close 
confinement of a steering 
room situated below the 
protective deck. As com- 
pared with hydraulic pow- 
er, the compressed air sys- 


|tem is cleaner and more convenient, and free from the 


discomfort that arises from the leaking of hydraulic 


| pipes and eylinders. 


The air for driving the various pneumatic devices is 


located above the starboard shaft, and vice versa, the | compressed by two separate engines, which supply 


sufficient air for turning the turrets, elevating the 


guns, lifting the ammunition into the cages, raising the 


‘cages to the breech of the gun, ramming home the 


charge, closing the breech, checking the recoil, and 
lastly, and most important operation of all, steering 
the ship itself. 

The two turning engines are placed upon the floor of 
the turret, one on each side of the big guns. Each 
engine has two cylinders, 8 inches in diameter by 14 
inches stroke. A worm on the crank shaft operates a 
set of gears by which the power is multiplied many 
times over before it reaches a driving pinion, which, in 
common with the engine and gears, is firmly bolted to 
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the framing of the turret and 
The 
large 
circular rack which is bolted 
to the deek of the ship and 


of course turns with it, 


pinion meshes with a 


lies immediately within the 
circular steel track upon 
which the turret rotates. The 


engines are controlled by suit- 
hand 
situated within easy reach of 


able levers and wheels 
the officer in the sighting 
hood, the latter being placed 
the 
sectional 


bet ween 
the 


over and 


ruins, 
as shown in 
view, page 2) 

The elevation and depres- 
sion of the gun is effected by 
which 
to the floor of the 


neans Of ram 
is hinged 
turret 
shoe on the under side of the 
the 


bears against a 


wun carriage near breech 


of the gun. On each side of 
the 


taining glveerine and 


turret is a evlinder con 
water, 
& portion of which, when the 
un is to be elevated, is foreed 
the 
ram, the supply being regu- 


by compressed air into 


lated by valves which are 


operated by means of levers 


in the sighting station above 
Inentioned. 


By reference to the large 
sectional view of the turret 
the reader can obtain a clear idea of the method 


From the 
forward end of the massive gun carriage a small ver- 


adopted for sighting the great 10-inch guns. 


tical rod is carried up toa bell-erank lever situated 
near the roof of the turret. Another rod extends from 
the short arm of the lever and is connected to another 
bell-erank lever attached to the sighting hood, The 


Displacement, 3,900 tons. Speed, 10°5 knots. 


pletion authorized 1885. 


Maximum Coal Supply, 250 tous. 


position of the telescop: 
With his eye at the telesco;, 
and his hand upon the leve;. 
which control the air valy: 
of the turning and elevati: 
machinery, the officer brin, 
the cross hairs of the telesco) 
to bear upon the mark, anc 
by pressing an electric butte 
hurls a 500-pound steel pr 
jectile with unerring precisivo: 
at the hostile ship. 
Immediately below the tur 
ret is the handling room, ad 
joining which are the maga 
zine and the shell rooms, with 
which it communicates 
through doorways which 
when in use, are closed 
by watertight doors. Directs 
below the center of the turret 


not 


is a pneumatic loading ma 
chine, which rotates 
vertical shaft, 
swung tothe right or left as 
desired. The 500-pound shell 
and the cartridge, the latter 
in two parts, are run out from 


upon 
ay 


a 


and be 


their respective rooms on an 
overhead trolley and placed in 
the tray of the loading ma 
chine, as shown in the illus- 
trations. The tray is pivot 


MONITOR “TERROR” LOADING-CAR IN POSITION BETWEEN THE TELESCOPIC RAMMER AND THE 


BREECH OF THE GUN. 


long arm of this lever carries a sighting telescope | 
which is placed opposite one of the narrow horizontal 
slits which are cut through the side of the hood. The 
system of levers is so proportioned that the axis of the 
the axis of the gun will always be 
parallel, any change in the elevation or training of the 
gun being accompanied by a similar change in the| 


telescope and 


MONITOR “ TERROR.” 


Complement, 177. 


ally attached to the body of 
the machine by a set of paral 
lel rods and a lever which car- 
ries at its inner end a cireular rack. Above the rack is 
an air cylinder whose piston rod terminates in a ver 
tical rack which engages the circular rack before men 
tioned. By admitting air at the top of the cylinder, the 
tray with its load is raised to the required height and 
the latter is placed in the pockets of the loading car. 
There are two of these cars, one for each gun. and they 


Armor: Beit, 7 in.; deck, 134 in.; turrets, 1144 in. 
battery, four 10-in.; secondary rapid-fire battery, two 6-pounders, two 3-pounders, two 37-mm. Hotchkiss, two 1-pounders, two Gatlings. 


Guns: Main 
Keel laid 1874. Com- 
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travel upon two vertical hoists or trackways 
wich lead up to the breech of the guns. 
The hoisting’ is done by two pneumatie eyl- 
incers loeated on the floor of the turret be- 
tween the guns. By reference to the first 
ilj.-tration on this page, it will be seen that 
the oading ear contains three parallel pock- 
ets. whieh rotate within the frame of the 
ear. friction wheels being interposed to fa- 
ciliate the movement. One of the pockets 
earries the shell and the other two the 
powder charge. The car is automatically 
brought to a stop with the lowest pocket 
ecoutaining the shell immediately in line 
witli the breech of the gun. 

‘he shell is pushed home by a telescopic 
raniner which is operated by compressed 
air. the valve which admits the air being 
worked by a man who sits astride of the 
It will be noticed that the ram- 
mer is carried by a bracket bolted to an 
extension of the gun carriage, and it is 
consequently held at all times in true line 
with the bore of the gun. After the shell 
has been rammed home, the loading ear is 
rotated and toe two seetions of the powder 
eartridge are brought successively opposite 
the breech and pushed home. The breech 
plug is then swung round, thrust into place 
and locked. 

The reeoil of the gun is controlled by twe 
pneumatie cylinders, 14 inches in diame- 
length. The eylin- 


evlinder. 


ter and 40 inehes in 


ders, whose heads can be seen in the smaller illus-/ 


below the breech, are secured to 
the gun carriage and the pistons to the gun. Before 
firing, the pressure on the recoil side of the pistons is 
about 500 pounds per square inch. As the gun recoils, 
carrying the pistons with it, this pressure is rapidly in- 
creased by compression. To reduce the pressure at 
the end of the recoil, a tapered rod is provided, which 


tration, page 28, 


passes through the center of the piston and allows the | 
air to pass more and more freeiy to the counterside of | 


the piston as the gun returns. The residual pressure 
is utilized to return the gun to its firing position. Per- 
haps there is no part of the many operations performed 
by compressed air on the ** Terror” in which the power 


HANDLING ROOM OF THE MONITOR “TERROR”—PNEUMATIC LIFT 
FOR LOADING CHARGE INTO CAGE OF AMMUNITION HOIST. 


shows to better advantage—the elasticity of the air 
preventing all shock and providing an easy cushion in 
the recoil and counter recoil. 

The last and most important duty performed by the 
compressed airis that of steering the ship. The in- 
terior of the steering room is shown on page 30. The 
work is performed by the two long horizontal eylinders 
whieh will be noticed arranged one on eaeh side of the 
tiller. They are provided with a common piston rod, 
in the center of which isa hollow crosshead in which 
| the tiller is free to slide as it is swung right or left by 
|the movement of the pistons. Compressed air is ad- 
| mitted to the outer ends of the cylinders by means of a 
| D valve, the air being simultaneously admitted at the 
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back of one piston and exhausted from the 
other, according as the helm is to be put 
over to port or to starboard. Air is also 
admitted at all times at the inner ends of 
the cylinders, and a pipe connects them, so 
that, as the pistons move, the air may flow 
freely from the inner end of one cylinder to 
the inner end of the other, In the center 
of the connecting pipe is a bypass valve, 
which is open when the tiller is being moved, 
but closes when it has been traversed the 
desired angle and holds the air imprisoned 
in the cylinders, thus locking the tiller be- 
tween two elastic cushions. The heavy 
shocks to which the tiller is subjeet in 
rough weather will thus be received and 
absorbed by the air, and the framing of the 
ship will be proportionately relieved of the 
strain. 

For the constructive details of the hull 
and engines the reader is referred to the 
deseription of the sister ship ‘* Amphitrite.” 

MONITOR *‘ MONTEREY.” 

At the time when it was finally decided to 
complete the four old monitors whose keels 
were laid in 1874, the construction of a new 
monitor, the *‘ Monterey,” was authorized. 
The contract was secured by the Union Tron 
Works, San Francisco; the keel was laid 
in 1889, and the vessel went into commis- 
sion February 13, 1893. While this powerful 
vessel is a monitor pure and simple, she 
embodies all the latest improvements in 
warship construction, and constitutes one of 
the most powerful coast defense vessels of the new 
navy. 

The principal dimensions ete., are : Length, 256 feet ; 
beam, 59 feet : draught, 14 feet 10 inches. 
structed entirely of steel, the belt is 13 inches thick 
amidships and tapers to 8 inches at the bow and 6 
inches at the stern. A continuous deck of 3-ineh steel 
extends from stem to stern. Further protection is af- 
forded by a double bottom and watertight buikheads, 
the hull containing 110 separate watertight compart- 
ments. The heavy guns are carried in turrets and the 
turning gear, ete., are protected by barbettes. Forward, 
the turret is 8 inches thick and the barbette 13 inches, 


She is con 


THE PNEUMATIC SYSTEM FOR MANIPULATING THE 10: INCH GUNS ON THE MONITOR “TERROR”-SECTIONAL VIEW OF ONE OF THE TURRETS, 
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and within the turret are 
two. 12-inch guns. The 
after turret is 746 inches 
and the barbette 
inches, the after guns being 
of 10 inches caliber. The 
ship earries a single mili 
tary mast, in the fighting 
top of whieh is placed a 
part of the rapid-tire bat 
tery The balance of the 
rapid tire guus are carried 
on the superstructure deck 
between the turrets, 

We vive two illustrations 
ot the twin triple expan 
sion engines, whieh indi 
eated 5,244 horse power on 
the trial trip. The eylin 
ders are 27, 41 and 64 inehes 
diameter respectively and 
WO inches stroke. The high 
pressure evlinder is for- 
ward in eaeh engine, and 
has one piston valve 14 


inches in diameter, the in 


termediate pressure cylin- 
der having twoof 14 inches 
and the low pressure cyl 


inder two of 20 inches, all worked by Stephenson | square feet of cooling surface in each. The cireulating | 


double-bar links. The evlinders are supported by east | pumps are centrifugal, with a capacity of 5,000 gallons 
steel inverted Y frames secured to cast steel bed plates. | per minute each, and connections for working as wreck 
The erank shaft is of forged steel, in three interchange-| ing pumps. Each condenser has two vertieal single- 
able sections, with 4-inch axial holes through shafts and | acting air pumps, 145g inches diameter by 15 inches 
erank pins, The journals and crank pins are 11 inches | stroke, driven by a compound engine with a fly wheel 


diameter, The line, thrust and propeller shafts are 10 
inches in diameter, with a 4-inch axial hole. The serew| pipe from each low pressure cylinder, to shut off the 
propellers, of manganese or aluminum bronze, are| connection to the condenser and permit it to be used 
three-bladed, and are 10 feet 6 inches in diameter, | as an auxiliary condenser when the main engines are 
the starboard one being right and the port one left| stopped. The engines are fitted with starting valves, 
handed. a steam-actuated throttle, and a combined steam and 


at each end of shaft. There is a valve in the exhaust! 


with ease, and there ar 
the usual auxiliary engine< 

In order to reduce thy 
weight of the machinery t. 
the lowest limit, the en 
gines have been made as 
light as possible, and about 
three-fourths of the requir 
ed boiler power is supplied 
by coil or tubulous boilers 
Four boilers of the latte: 
class, to give a collective 
horse power of 4,500, were 
contracted for with Charles 
Ward, of Charleston, W 
Va., after careful trials 
The two eylindrical boilers 
with whieh the vessel is 
also to be supplied are fit 
ted to work at 160 pounds, 
and are designed to give 
sufficient steam for ordi 
nary uses, for propelling 
the vessel at 10 knots 
speed, while the coil boil- 
ers enable steam to be 
raised in less than half an 


PNEUMATIC STEERING APPARATUS ON THE MONITOR “ TERROR.” hour in sufficient quantity 


to give the maximum 
speed of which the vessel is capable. 

The illustration, below shows the ** Monterey” in the 
new dry dock, on Puget Sound, Wash. The photo 
graph was taken on the oceasion of the opening of the 
dock on April 22, 1896, 

MONITOR MIANTONOMOH.” 

The keel of the ‘ Miantonomoh” was laid by 
John Roach & Sons, at their works on the Delaware 
River, in 1874, and the hull was completed there. In 
many respects she represents a reproduction of the 
old wooden monitor ** Miantonomoh.” The present 
ship is built of iron, except as regards her armor 


The condensers are cylindrical, and have about 3,850! hydraulie reversing gear, so that they can be handled! plates, which are of steel. The general dimensions, 


MONITOR “ MONTEREY.” 


isan 


Displacement, 4,064 tons. Speed, 13°6 knots. Maximum Coal Supply, 236 tons. Complement, 195. Armor: Belt, 6 to 13 in.; deck, 3 in.; barbettes, 114¢ and 13 in.; 
turrets, 74g and 8in, Guns: Main battery, two 12-in., two 10-in.; secondary rapid-fire battery, six 6-pounders, four 1-pounders, two Gatlings, Authorized 1887, 
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given in the official records of the navy, are as | 


OWS? 


Length, 259'5 feet ; beam, 55'¢ feet ; mean draught, 
displacement, 3,999 tons; indicated | dle, which is free to slide back and forth upon the rails 

The maximum depth is 17 feet 44¢ | of the carriage. 
The engines | is pivoted to the turret at its front end, so as to be 


i feet 6 inches ; 
power, 1,426. 
ches, leaving about 3 feet of freeboard. 


e of the inclined compound type, and actuate twin | incapable of recoil. 
The armor of the hull consists of a protective | itself is checked by a hydraulic cylinder containing 
The deck, which is almost flat, and | water, through which a piston is driven by the action 


“e Ws, 
it 6 feet deep. 


u-deflective, is composed of two superimposed plates | of the gun on its recoil. 


,-ineh steel planked over with 4-ineh pine. 


lhe outer plating of the turrets is 114g inches thick. 


| In each turret two 10-inch breech-loading rifles are 
| mounted in parallel, and are manipulated by hydraulic 
gear. Each gun is held in place by hoops upon a sad- 


As shown in the cut, the carriage 
The recoil backward of the gun 
A very limited waterway is 


provided for the escape of the water from behind the 
piston, so as to bring the gun to a stop without serious 


TRIPLE EXPANSION ENGINES OF THE NEW UNITED STATES AKMORED COAST DEFENSE VESSEL “ MONTEREY.” we * 


This is backed with 10 inches of wood, which is again 
iacked with two steel plates, each 144 inch thick. The 
‘urrets are 24 feet in external diameter, rise a little 
er 6 feet above the deck, and are each surmounted 

*« conning tower a little less than 8 feet diameter at 
‘he base. and projecting 2 feet above the top of the 
sun turrets. In action, when the turret is struck, 
"vet heads or splinters are liable to be detached and 
‘ly off with considerable velocity. To protect the 
‘ring erew: from injury, an inner shield lines the tur- 
This shield is spaced off 8 inches from the back 

id is composed itself of 24-inch steel plate. The 
deflective armor of the conning tower is 9 inches thick. 


shock. With a full charge, the gun recoils about 40 
inches. 

Below the gun deck of the turret the space is utilized 
for the supply of ammunition. The shells and powder 
cartridges are brought in, and by means of a cireular 
railroad are wheeled around the turret so as to come 
under the hateh, which, of course, shifts around as the 
turret turns. An elevator is provided for carrying 
them up to the gun deck, and there they are shipped 
on a earriage upon another transverse railroad, which 
brings them opposite the open breech of the piece. 
For loading, the breech is dropped, bringing the bore 


in line with an inclined hydraulic cylinder and rammer 
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in its rear. An approximately vertical hydraulic cylin- 
der and piston permit the breech to drop, or raise it, 
as desired. The shell is pushed home by a hydraulic 
rammer ; next the powder is inserted, bag by bag, and 
pushed home by the same rammer. Brown perforated 
hexagonal prismatic powder (Dupont’s) is used. It is 
packed tightly in the cartridge bags, several of which 
are used for a charge. In the rear of each bag are nine 
hexagonal grains of priming powder to disseminate the 
ignition, The breech block, which is of the interrupted 
screw type, with mushroom and gas check, is inserted 
iand turned home, a copper priming needle is pushed 


through the axial vent of the breech block. so as to 
pick a hole in the rear powder cartridge; the primer, 
which may be frictional, detonating or electric, is put 
in place, and the gun is ready for firing. The direction 
of fire is fixed by rotating the turret. In the conning 
tower, the firing officer looks out of a little cross-shaped 
window, which in itself forms the rear sight ; forward 
on the roof of the turret is the front sight. These two 
are arranged accurately parallel with the vertical 
planes passing through the axes of the guns. The 
elevation of the guns is determined by the hydraulic 
ram just mentioned, and actuated by a lever in the 
conning tower, and the firing officer has at his side a 
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dial indicating the number of degrees of elevation the turret can be rotated so as to present its unperfo-| backed up a little to relieve the friction, so that the 


given each piece rated side to the enemy, while the guns are being loaded. | turret can be turned freely and without injury to the 
Through the center of the turret a hollow spindle) Levers and valve handles are provided for all the ma-| diaphrayzm. 
runs down to the bottom of the ship, through which nipulation, within easy reach in the conning tower. A double line of teeth encircles the base of the turret, 
communication is had from the conning tower to the By the speaking tubes and bell calls of the central| with which the turning engine engages. The turret is 
¢ different mechanisms required to be worked therefrom. spindle, the officers in the tower can communicate with | carried by 20 forged steel coned rollers, 14 inches dia- 
Wi hout leaving his place, the firing officer can locate all parts of the ship, including the other turret. | meter and 10 inches thick. Eight small horizontal rolt 


the turret to bring his sight to bear upon the object, To prevent water from entering around the turret a| ers bear against the interior of the base, to prevent lat- 
can raise or depress either or both of the guns to get diaphragm of leather is provided which encireles the | eral displacement. 

the range, and can fire them singly or simultaneously, | base of the turret and is held down by segmental plates| The vessel has a double bottom, a clear space of 28 
if desired, bv the eleetric primers, simply pressing a but-| of metal and expansion turnbuekles against a wooden | inches existing between the two skins. She is lighted 
ton to produce the ignition,  lmmediately after tiring, ' seupper groove. In aetion the turnbuckles are to be! throughout by electricity. 
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i 1, Side view of the * Miantonomoh,” 2, The “ Miantonomoh” under headway. 8. Interior of conning tower. 4. Cross section of turret and hull, 
MONITOR “ MIANTONOMOH,” 
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ARMORED RAM “KATAHDIN.” 
by far the most unique ship in our navy, and, indeed, 
the only craft of its kind in the world, is the armored 
rau‘ Katahdin.” The ram as a weapon of naval war- 
fare is one of the most ancient of which we have any 
recorded history. It 
was used with deadly 


deck. 
and ventilators and two light barbettes, within which 


inches at the knuckle to 2 inches at the crown of the 
Above this deck is a conning tower, a smokepipe 


the 6-pounder guns are mounted, and skid-beams for 


carrying the boats. Longitudinally from the point of 


effect in the naval 
fights of Greece and 
Rone, and in later 
times, as at Lissa and 
during our own civil 
war, it proved a ter- 
rible engine of de- — 
struction. 

The value of the 
ram as attached to 
the huge and swiftly 
moving warships of 
modern navies has 
yet to be determined, 
and many authorities 
claim that the ship 
which uses the ram 
is liable to be only 
less badly strained 
and shaken up by 
the shock than her 
opponent, 

The ‘ Katahdin,” 
however, was de- 
signed for the ex- 
press purpose of 
ramming, and her hull has been constructed with | 
a view to her being able to withstand the terrible 
wrench which a ship that runs its nose at full 
speed into a moving vessel is certain to suffer. The 
dimensions of the vessel are as follows: Length over 
all, 251 feet; length on the normal water line, 250 feet 9 
inches; extreme breadth, 43 feet 5 inches; breadth on 
water line, 41 feet 6 inches. The total depth from the 
base to the crown of deck amidships is 22 feet 10 inches 
and the normal draught of water is 15 feet, the corre- 
sponding displacement being 2,155 tons. The lower 


| @ | eee 


11 feet in a vertical line, and is supported by the longi- 


tudinal braces in such a way that the force of the blow 
delivered by it is designed to be distributed through 
the vessel. The maximum speed, at full power, is 1671 
knots, and the impact of the ram is equivalent to the 

blow of a hammer 


weighing over 2,000 
tons moving at this 
rate of speed—a 
blow which, if fairly 
( delivered, would 
 erash through the 
\ sides of any vessel 


RAM “KATAHDIN”. PROPELLER AND STEERING APPARATUS. 


the ram to the stern the lower portion of the hull is 
shaped in a fair curve, but the upper portion is straight 
from the head of the stem to within about 30 feet 
from the stern, from which point it rounds down to the 
knuckle. An armor belt, from 6 inches to 3 inches 
thick and 5 feet deep, extends below the knuckle. 

The hull is framed by continuous longitudinal gird- 
ers, both below and about the knuckle, which, gather- 
ing together at the 
bow and stern, make 
a rigid structure. A 


afloat. 
{ The motive power 
\ consists of two sets 
of vertical triple- 
expansion engines, 
and there are two 
} double-ended and 
one single-ended eyl- 
indrical horizontal 
five-tube boilers 
placed in watertight 
compartments. The 
maximum horse 
power on trial was 
5,068. There is a 
complete installation 
of electric lights, suf- 
ficient for lighting 
all parts of the ves- 
sel. It is arranged 
that the vessel may be submerged to her fighting trim 
by means of fourteen 8-inch Kingston outboard valves, 
one in each transverse watertight compartment of the 
double bottom. When not submerged the vessel is de- 
signed to have sufficient freeboard for coasting service. 
The accommodations for both officers and men are 
roomy and as comfortable as can be made on a vessel 


RAM “ KATAHDIN ”—CROSS SECTION AMIDSHIPS. 


portion of the hull is dish shaped up to a sharp knuckle, | continuous watertight inner bottom, 2 feet from the 
which runs all around the vessel 6 inches below the | outer skin, is carried the whole length of the vessel and 
normal water line, the angle of the knuckle amidship | up to the armor shelf on each side. The double bottom 
being about 90 degrees. Above this knuckle the shape | is divided and subdivided by the longitudinal and 


of the hull is a cireular are, with a radius amidship of | transverse frames into 72 watertight compartments, 
39 feet, rising from 6 inches below to6 feet above the| The inner hull is further subdivided by watertight 
normal water line. This curved deck is armor-plated bulkheads, both longitudinal and transverse. 

The rambhead is of cast steel (see cut), extending back 


throughout, the thickness of the armor tapering from 6° 


of her peculiar build. The quarters for the officers are 


RAM “KATAHDIN” LONGITUDINAL SECTION OF STEM. 


on the after berth-deck, just abaft the engine room 
bulkhead, and the wardroom has seven staterooms and 
apantry. The forward berth-deck is designed entirely 
for the crew, but there is an apartment abaft the offi- 
cers’ quarters which may be used as additional berth- 
ing space. The vessel was built at the Bath Iron 
Works, Maine, and she takes her name from Mount 
Katahdin, the loftiest point in that State. 


\ 


ARMORED RAM “ KATAHDIN.” 


Displacement, 2,155 tons. Speed, 1611 kno» 
rapid-firers. Authorized 1889. 


um Coal Supply, 193 tons. Complement, 97. Armor: Sides, 3 to 6 in.; deck, 2to6in. Guns: Four 6-pounder 
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NAVY EDITION OF THE 
DYNAMITE GUNBOAT “VESUVIUS.’ 


THE * Vesuvius,” like the “ Katahdin,” is a type of | 
vessel that is only to be found in the United States | 
navy. She was designed for carrying dynamite guns 
of considerable range and enormous power, and it is 
upon these that she depends for her offensive power. 
She was authorized in 1886 and built by the Cramps, of | 
Philadelphia, the date of her first commission being | 
June 7, 1890. The general details of her interior 
arrangements, disposition of boilers, engines, arma-| 


ment, ete., are shown in the accompanying illustra- 
tions, 

The illustration, Fig. 6, shows the “ Vesuvius” as 
she appeared on her trial trip. Minor changes have 
since been made, such as the additions of a flying 
bridge and several ventilators and boats, which do not 
materially alter her appearance. 

In the forward part of the ship are placed the three 
pneumatic guns that form her armament. These are 
built into the ship. Their muzzles are carried forward 
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and project above the deck near the bow at an eleva 
tion of 18 degrees. They are 15 inches in diameter, 5) 
feet long, and are made of thin cast iron. They ar 
not rifled, the vanes upon the projectile being relic: 
on to give any desired axial rotation. 

The full-sized shell for this gun is 14°¢ inches in dia 
meter, and its body is about 7 feet long. Back of th 
body is a tail fitted with spiral vanes, which secures it- 


aliguwent and rotation. This is the largest shell the 


gun can fire, and the effects of its heavy charge of ex 


LODAVIDIOW 


1, Positions of boilers, engines, guns, and air reservoirs. 2. Compressed air reservoirs, 3. Bow view. 4. Boiler room and passageway. 5. Section showing “revolvers,” carrying the dynamite shells, and protective steel 
deck. 6. Broadside exterior view. 7. Dynamite shell. Center. The dynamite guns projecting above deck. 


Displacement, 929 tons. Speed, 21°42 knots. Maximum Coal Supply, 152 tons. 


DYNAMITE GUNBOAT “ VESUVIUS.’ 


fire guns. Authorized 1886. 


18646 


Complement, 69. Armament, three 15-in. dynamite guns, three 3-pounder rapid- 
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plosive can only be surmised. GUNBOATS. 
In trials by the government Wigs? q | GUNBOAT “ HELENA. 
of the dynamite gun an old , ‘ ‘ THE “Helena” is one of 
government coast-survey * three light-draught gunboats 
schooner was completely authorized in 1893, and con- 
wrecked at a one mile range structed by the Newport 
Ly 50-pound charges fired News Shipbuilding Company. 
from an 8-ineh gun. Accord- Two of these, the ‘* Helena” 
6 ¢ jog to the opinion of students and the ** Wilmington,” are 

of torpedo practice, the sub- sister ships. Their dimensions 
marine explosion of a shell are : Length, 250 feet 9 inches ; 
from the * Vesuvius” would beam, 40 feet ; draught, 9 feet; 
destroy a ship 20 or more feet and displacement, 1,392 tons. 
distant. The “ Helena” has a trial 

(he air for discharging the speed of 154g knots and her 
projectiles is compressed by complement is 175 all told. 
two Norwalk compressors The ship was specially de- 
into reservoirs consisting of a signed for service on the rivers 
number of tubes. These are of China, and was originally 
made of wrought iron, 16 intended for the Asiatic 
inches in diameter and thir- station, whither she was pro- 
teen-sixteenths inch thick. ceeding by the Mediterranean 
The firing reservoirs contain route when she was directed 
210 cubie feet of compressed to remain at Lisbon until 
air, the storage reservoirs con- further orders. There were 
tain 420. The air is stored at at that port also the ‘* San 
2.000 pounds pressure per Francisco” and the ‘ Ban- 
square inch, and the firing croft,’ the three vessels com- 
reservoir is maintained at a posing our European squad- 
pressure of 1,000 pounds. ron, when, on March 12, the 
Each shot at one mile range Secretary of the Navy ordered 
reduces its pressure 150 the **‘ Helena” and the cruiser 
pounds, This deficit is im- ** Bancroft” to Key West. 
mediately supplied from the As we have said, this little 
storage reservoir. vessel was designed for ser- 

Under the rear of each gun vice on the Chinese rivers, 
are placed two ‘revolvers ” and this aecounts for her 
in line with each other. Each abnormal dimensions; for it 
contains five chambers, for will be seen that with a beam 
holding as many torpedoes. of 40 feet she draws only 9 
To load a gun, its breech is feet of water. She is driven 
dropped, swinging downward by twin-screw engines of 1,988 
on a pivot at its extreme rear- indicated horse power, and 
wardend. The opening points her twin screws, coupled with 
forward and comes directly her large rudder area, give 
opposite and in line with the her excellent turning power— 
lowest chamber of the after a valuable feature in river 
revolver. By a hydraulic ram work, 
the shell is pushed into the GUNBOAT “ HELENA.” While the boat was being 
breech, which is at once office 
swung upward, again com- Displacement, 1,392 tous. Speed, 15°50 knots. Maximum Coal Supply, 300 tons. Complement, 175. Secsuaminceeieameae: 

7] ¢ pleting the continuity of the Armor: jj; in. to { in. watertight deck. Guns: Main battery, eight 4-in. rapid-fire ; secondary and he suggested the utility 

barrel. The revolver is then rapid-fire battery, four 6-pounders, four 1-pounders, two Colts, one field gun. Authorized 1893. of a conning tower of suffi- 
turned one division, so as to cient elevation to overlook 
be ready for supplying a second shell. When the after | with certainty. The pointing of the guns is executed | the banks of the Yellow River of China, the Yang-tse- 
revolver is empty, it is filled from the forward one in| by the movements of the vessel. The officer in the| Kiang. These banks are so high that they exclude the 
the same way. All these maneuvers are executed by | conning tower has under his control the ship with her | view of the country from those on an ordipary ship's 
hydraulic power. Ten projectiles are provided for each | guns, and he trains her upon the enemy, in the same }deck. The Navy Department acted on the hint, and 
gun, giving a total of thirty. This is the full arma-|sense that an artillery officer moves his gun carriage, so| the result was the curious combined conning tower and 
ment of the ship as far as torpedoes are concerned. as to point in the de- 

The ship is steered by steam. All of her operations | sired direction the piece 
will be directed or executed from a conning tower | it carries. The hull of 
placed on her deck. In firing, the guns have a fixed | the ‘Vesuvius ” is actu- 
elevation. Their range is varied by admitting more or | ally a floating gun-car- 
less air. This is effected by the firing valve, which is|riage carrying three 

a constructed so that any desired amount may be used | pneumatic guns, 
) 


COMPOSITE GUNBOAT “ANNAPOLIS.” 

Displacement, 1,000 tons. Speed, 13°17 knots. Maximum Coal Supply, 225 tons. 
Complement, 135, Armament: Main battery, six 4-in. rapid-fire guns: see- 
oudary battery, four 6-pounders, twe * pounders, one Colt, one field gun. 

Authorized 1895, 


: COMPOSITE GUNBOAT “ MARIETTA,” 

Displacement, 1,() tons. Speed, 13°03 knots. Maximum Coal Supply, 236 tons. 
Complement, 140. Armament: Main battery, six 4-in. rapid-fire guns: 
secondary battery, four 6-pounders, two 1-pounders, one Colt, one field gun. 
Authorized 1895. 
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composed of an outer and inner tube. The outer tube 
is 6 feet, the Inner tube is 2 feet in diameter. A spiral 
staircase winds around the inner tube and gives access 
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: to the conning tower, which is carried immediately 
: below the lower top and partly supports it. 
The conning tower itself is carried on a sort of 
E sponson on the mast. It contains a steering wheel 
ee and all appliances for communication with the different 
a parts of the ship. The windows have hinged shutters 
ig with small openings. In it, from a height of nearly 50 
€ feet, the commanding of 
ficer can overlook the ob 
stacle presented by the 
fe. 3 ; high banks of the river, 
and can observe the ene- 
my’s actions to great ad 
: vantage, should an inclina 
. tion be shown to attack 
the ship 
a Immediately above the 
conning tower is the lower 
fighting top, in plan a cir 
cle of 14 feet diameter. 
Access to this top is had 
by foot rounds attached to 
the outside of the 2-foot 
mast tube. The spiral 
‘ stairs stop when they reach 
the floor of the conning 
tower. The 2 foot tube, 
still rising, carries the elee 
trie hght top, and above 
: this a fighting top, a 6-foot 
cirele, with a 10-foot ring 
‘ bracketed above the top 
und econeentrie with it. 
From the center of the up- 
per top the signal pole 
rises nearly 28 feet fur 
ther 
The Helena” earries an 
i armament of eight 4-inch 
rapid-tire guns as her main 
battery and in the seecond- 
ary battery are four 6 
pounders, four l-pounders, 
two Colts and one field 
gun. The new navy con- Displacement, 15 tons. 
tains ten unarmored gun ment, 5. 
boats of the general type 
of the ** Helena,” whose displacement varies from 892 | 
to 1,777 tons 
LIGHT DRAUGHT COMPOSITE GUNBOATS * ANNAPOLIS” 
AND “MARIETTA 
The rapid accumulation of barnacles and marine 
vegetation on the bottoms of steel-plated warships ; the 
incidental reduction of speed, with an accompanying 
increased consumption of coal; and, finally, the semi- 
*e annual docking necessitated, with its consequent ex 
pense, have troubled the navy department ever since 
tie first ships of the new navy were launched. The 
7 composite system of construction was introduced to 
avoid these evils. The composite vessel is built with 
: steel frames and is plated with steel above and with 
: planking below the water line, the planking being cop 
: pered as in the wooden sailing slip. Where greater 
strength is required it is built with a complete steel 
shell, and the under-water plating is wood-sheathed 
Re and coppered, the sheathing being fastened to the steel 
frames by composition bolts. 
Six vessels of this class have been built, one type having 


full sail power and propelled, when steaming, by a sin 
gle screw worked by a triple expansion engine, the 


ships of the other tvpe carrying merely sail enough to 


Speed, 18 knots. 


| had torn in the man-of-war. 


actuated each by its own engine of the triple expansion 
type. 

Their principal dimensions and general features are | 
given beneath the accompanying cuts of the ** Annapo- 
lis” and the *‘ Marietta.” 

The armament, consisting entirely of rapid-fire guns, 
is composed of six 4-inch rapid-fire guns, with 900 
rounds of ammunition; four 6-pounders, with 2,002 
rounds of ammunition; two 1-pounders, with 1,002 
rounds of ammunition ; one Colt and one field gun. | 


| 


“ MAINE.” 


TORPEDO BOAT OF THE 
Length, 61 ft. 8 in. 


Two of the 4ineh rifles, one at the bow and one at | 
the stern, are carried on the main deck ; the other | 
guns, excepting the l-pounders on the hammock berth 
ing, are placed to good advantage on the gun deck 
and well protected from musketry fire, to which the 
river and shallow water service may expose them. 

When «sheathed and coppered vessel is in motion | 
the weight of any marine growth, assisted by the 
characteristic exfoliation of the copper plating, would 
cause its release, and in this very simple natural evolu- 
tion we have a means of making these vessels more ex 
tensively independent of ecoaling stations and docking | 
facilities than the ordinary steel plated ships, while | 
assuring them a much more extended radius of aetion. 

— 
TORPEDO BOATS. 

ONE of the earliest successful attempts to make use 
of the torpedo boat in naval warfare occurred in the 
Civil War, when the * Housatonic” was sunk by a/| 
rebel craft, which paid for its daring with its own de- 
struction, being sucked into the ghastly hole which it | 
This was one of the les- 
sons of the Civil War which was laid to heart by the | 
European nations, and out of this and later successful | 


Beam, ‘) ft. 145 in. Draught, 3 ft. 4 in. Comple- 
Armament; Ore 15-in. Whitehead torpedo tube, one 1-pounder rapid-fire gun. Authorized 1886. 


fighting mast shown in our cut. The fighting mast is| steady them in a seaway, and driven by twin screws, | tests of the torpedo has sprung that vast fleet of 


miniature craft which forms such a formidable featur: 
of the equipment of the navies of the world. The 
earlier boats were what is known as spar torped: 
boats, from the fact that the torpedo was carried at the 
end of a long spar which projected forward from the 
bow of the boat, the torpedo exploding by contact. 
Then came the automobile Whitehead torpedo, with its 
ability when once diseharged to run from 600 to 800 yards 
of its own accord. The size and speed of the torpedo 
boat were rapidly increased, especially the latter, and 
the importance of this 
method of attack was in 
creasingly recognized. The 
torpedo boat of twenty-five 
years ago, with its spar 
torpedo, was a diminutive 
affair, having a speed of 
only 12 or 13 knots. In 
1877, however, it had grown 
to have a length of from 
85 to 100 feet and a speed 
of from 18 to 21 knots. As 
the demand increased, the 
builders paid particular 
attention to reduction of 
weight and increase of 
boiler and engine effi- 


ciency, and in 1887 the 
“Ariete,” built by Thor- 
nycroft for the Spanish 


government astonished the 
world by running a mile 
at the speed of 26 knots 
an hour. Five years later 
the “Daring,” a 220-ton 
boat built by Thornycroft 
for the British navy, made 
28°65 knots an hour, and in 
1895 the * Sokol,” built by 
Yarrow for the Russian 
government, passed the 30- 
knot limit. 

The later torpedo boats 
are known as destroyers. 
They are large vessels of 
300 to 400 tons displacement 
and powerful enough to 
maintain their speed in 
rough weather, which the 
torpedo boat cannot do. 
They have a speed from 30 to 33 knots and carry a pow- 
erful armament of rapid-fire guns, the object being to 
enable them to chase and sink a fleet of torpedo boats 
and prevent them from attacking the larger ships. At 
the same time the destroyer carries a full complement 
of torpedoes and would be capable of sinking battle- 
ships and eruisers if she could get within torpedo range. 

It is greatly to be regretted that in the earlier years 
of our naval construction we omitted to provide the 
navy with an adequate torpedo fleet, as we are likely 
to suffer somewhat from the lack of them in the event 
of hostilities. The defect is being remedied, however, 
as fast as the boats can be turned out, and the present 
Congress has recommended the construction of thirty 
craft of the kind in addition to those already on the 
stocks. 

We have chosen three boats for illustration, the 
ship’s torpedo boat of the kind carried by the ill- 
fated * Maine,” the first-class torpedo buat ‘* Porter” 
and the destroyer ** Bailey.” 

PORTABLE TORPEDO BOAT CARRIED BY THE 
MAINE.” 

This little craft, which was wrecked at the time of 

the ‘* Maine ” disaster, was 61 feet Sinches long, 9 feet 


Speed, 28°63 knots per hour. 


From an instantaneous photograph. 
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it¢ inches in beam, the extreme draught was 3 feet 4| in thickness and her framing being light in propor- 
inches, and displacement 12°45 tons. With coal and | tion. 

stores aboard she weighed about 15 tons, and she was We present two excellent illustrations of this ves- 
provided with four heavy eyes by which she could be | sel, one taken when she was running at a speed of 
hoisted from the water to her cradle above the **Maine’s” | 28°63 knots or 33 miles an hour, and the other showing 
superstructure deck by a derrick and steam winch. The | her in dry dock at the Brooklyn Navy Yard. On the 
hull was built of extremely thin plating, her sides in | trial trip the pressure at the engines was 220 pounds 
places being only 4 of an ineh thick. Six bulkheads and they ran at 405 revolutions per minute. There 
divided the interior into seven watertight compart-| were two excellent features that made themselves ap- 
ments. The general arrangement of the boat was as | parent to those on board, the first being the absence 
follows: There was an open coekpit aft, into which |of any banking up of a bow wave (the commotion 
the rudder head entered, so that the boat could be| which our readers will notice in the cut being 
steered from this cockpit if the conning tower had to| merely the surface foam), and the second good fea- 
ve deserted. Forward of the cockpit was the engine | ture was the absence of extreme vibration. The ‘ Por- 
‘oom, With a quadruple-expansion engine. Forward of | ter” and a sister boat were built by the Herreshoffs, of 
‘he engine was the boiler room arranged for forced | Bristol, R. L. 

traught by the closed fire room system. The boilers| Referring to the larger ent, it will be noticed that 
were of the Mosher tubulous type. Next to the boiler the water line shows a draught of about 4 feet at the 
room Was another open cockpit, forward of which was | bow, but when the boat is being driven at its full speed 
the conning tower, which contained a steering wheel. | of nearly 29 knots an hour, it settles at the stern and 
In the bows was built the torpedo tube for discharg-! lifts its forefoot clear of the water to such an extent 


pressed air, is thrust into the gun, or tube, at the 
breech; the breech block is then closed and the tor 
pedo is ejected by firing a small charge of powder or 
releasing a charge of compressed air. The launching 
tube is carried upon a central pivot mount, and may be 
trained on the mark in the same way as an ordinary 
gun. In making an attack, the torpedo boat would 
charge upon the ship at full speed, and when she was 
within torpedo range she would swing round to port or 
starboard so as to bring her launching-tubes to bear. 
If the torpedoes fired from amidships failed to reach 
the mark, she would have another chance with the 
tube that is located at her stern. 

As the ‘‘ Porter” is built of the very thinnest kind of 
plating, she would be penetrable by the smallest rapid- 
fire guns of the enemy, and the mad charge through 
the hail of bullets and shells that would be rained upon 
her would evidently be somewhat of the nature of a 
forlorn hope. However, it is not likely that torpedo 
boat attack will often be carried out in broad daylight. 
The best work of these little boats will be done on dark 


FIRST CLASS TORPEDO BOAT “ PORTER.” 
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Displacement, 190 tons. Speed, 28°63 knots. Maximum Coal Supply, 76 tons. Length, 175 ft. Beam, 17 ft. Draught, 5 ft.6in. Complement, 32. Armament: Three 
18 in. Whitehead torpedo tubes, four 1-pounder rapid-fire guns. Authorized 1895. 


ing a Whitehead torpedo. Inthe extreme bow and|that 5 or 6 feet of the keel is visible. This is a 
also under the stern cockpit were trimming tanks. On|common occurrence when light-draught torpedo boat 


deck aft was mounted a 1-pounder rapid-firing gun, 
whose ammunition was carried in a magazine just aft 
of the engine room. 

Along each side of the boat were the coal bunkers, 
which, as far as their diminutive size permitted, might 
be considered protective. Small torpedo boats of this 
class are very serviceable for carrying dispatches and 
performing inany of the duties whieh fall to the lot of 
a steam launch. 

FIRST-CLASS TORPEDO BOAT “ PORTER.” 

The * Porter” is one of three first-class torpedo boats 
authorized in 1895, and she was the first torpedo boat 
of this class commissioned in the United States navy. 
Her high speed and rapid-fire guns make her service- 
able as a torpedo boat destroyer. Her principal dimen- 
sions are: Length, 175 fxet; beam, 17 feet ; draught, 5 
feet 6 inches ; and disp.acement, 190 tons. She is driven 

twin-serew, quadruple-expansion engines of 4,000 
lorse power. Sheis of extremely light construction, 
none of her plates being over one-fourth of an inch 


destroyers and pleasure yachts are driven at speeds in 
the neighborhood of 30 knots an hour. 

Owing to the altitude from which the photograph 
showing the ‘ Porter” in dry dock was taken, we get 
an excellent idea of the arrangement of the deck. It 
will be noticed that a turtleback deck extends from the 
bow aft as far as the rear of the forward conning tower. 
This is intended to give the boat increased buoyancy 
when she is running against a head sea. Just forward 
of the conning tower is a 1-pounder rapid-fire gun on a 
tripod mount. Two other 1-pounder guns on similar 
mounts are located on either beam and another toward 
the stern. The long cylindrical object seen on the port 
side of the boat in front of the forward funnel is a tor- 
pedo launching-tube. There is another one amidships 
on the starboard side, and a third tube is located at the 
stern on the center line. The launching-tube is noth 


the projectile. The latter, loaded with its charge of 
explosive, and with its air reservoir charged with com- 


ing more nor less than a gun, of which the torpedo is 


nights and in foggy weather; and even if they never 
strike a blow, the moral effect which they will exercise 
will be well worth the cost of their construction and 
maintenance. 

TORPEDO BOAT DESTROYER ‘‘ BAILEY.” 

The accompanying engravings represent the new tor- 
pedo boat destroyer ‘* Bailey,” so named by order of 
the navy department after the distinguished naval 
officer Theodorus Bailey, who was second in command 
to Farragut in the action of passing Forts Philip and 
Jackson, on the Mississippi. The “‘ Bailey” is one of 
three torpedo boat catchers for which provision was 
made at the last session of Congress. The sum appro- 
priated for each boat was $250,000, In advertising for 
bids the navy department stipulated that a speed of 30 
knots per hour would be exacted on the official course. 
The details of the design were left to the discretion of 
the builders. The contract for the ‘ Bailey” was 
awarded to Charles L. Seabury & Company and the 
Gas Engine and Power Company, of Morris Heights, 
New York, and she is now nearing completion at their 
yards on the Harlem River. 
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If we except the * Porter,” which is, strictly speak 
ing, a first-class torpedo boat, the “ Bailey” and her 
mates are the first destroyers to be built for our navy ; 
and if the expectations of her builders are fulfilled, she 
will be capable of a speed of 33 knots an hour. The 
principal features of the designs are : Length, 205 feet ; 
beam, 19 feet, ; depth of hold, 13 feet 5 inches; dis- 
placement on trial, 235 tous; and displacement when 
in commission, 265 tons. 

The armament will be a powerful one for a boat of 


b 


this size. 


latter are for Whitehead torpedoes. 


The 6-pounder guns will be mounted two on the 


It will embrace four 6-pounder rapid-fire 
guns and two 18-inch torpedo discharge tubes. The 


feature more interesting than the motive power. The 
** Bailey” will be supplied with engines capable o! 
developing 5,600 horse power. This power is mor 
than one-half the power employed on the Cunard 


main deck, one on each side amidships, and two on | steamer ‘‘ Umbria.” The latter is a vessel of some 8,000 
platforms supported by the conning towers. The deck | tons displacement, while the ** Bailey ” on trial will dis 


guns will have an are of fire from sharp on the bow to 
The guns on top of the conning towers 


right astern. 
will have an almost all-around fire. 


As in the case of all high-speed vessels, there is no 


— 


place but 235 tons. The “ Bailey's” engines are of the 
four-cylinder triple-expansion type. The diameters in 
inches for the high, intermediate and low pressure 
cylinders respectively are 20, 301g and 32, The con. 


" - 


Displacement, 235 tons. Speed, 30 kno 


6 ft. Complement, 40. 


Displacement, 75 tons. Length, 55 ft. 


TORPEDO BOAT DESTROYER “ BAILEY.” 


ts. Horse Power, 5,600. 


Radius of action, 3,000 knots. Length, 205 ft. 
Armament: Two 18-in. Whitehead discharge tubes, four 6-pounder rapid-fire guns. 


Beam, 19 ft. Draught, 
Authorized 1807. 
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LONGITUDINAL SECTION AND PLAN OF THE 


SUBMARINE TORPEDO BOAT “ HOLLAND.” 


Diameter, 1044 ft. 
under-water dynamite gun. 


Armament: One Whitehead discharge tube, one aerial dynamite gun, one 
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juon stroke is 18 inches. The development of 5,600/ vessel of this type, the “ Plunger,” which is now being | the one just described, which lies in the longitudinal 
iorse power is expected when the engines are making | built from designs by her inventor, Mr. John P. Hol-|axis of the boat, these are upwardly inclined, one 
.bout 400 revolutions per minute. land, at Baltimore, and will soon be completed. The pointing forward and the other aft. The forward 
Steam will be furnished by four Seabury water tube | ** Plunger” is 85 feet long, 114g feet diameter, and will | tube is called an aerial torpedo gun. It is capable of 
oilers. Each boiler will be equipped with two fur-| steam at 16 knots speed on the surface and 10 knots throwing a 100-pound guneotton shell a distance of 
aces. The working pressure will be 250 pounds to the! when submerged. Her displacement will be 168 tons. | three-quarters of a mile. The other tube, astern, is 
-quare inch. Asarranged, there will be two fire rooms. | Subsequent to the letting of the contract for the called an under-water torpedo gun, and it is capable 


‘ach boiler will have its own funnel, making four in| “‘ Plunger” Mr. Holland constructed a smaller boat of | of driving its shell with accuracy for a distance of 200 


[n the crew space forward there will be folding berths 
for thirty-three men. Of this number, eight will be 

w the machinists. The officers’ bunks will be Pullman 
ar berths, fitted into the sides of the boat, aft in the 
wardroom., 

The “Bailey,” like the * Dupont” and “Porter,” | 
will be able to do battle 
with battleships after the 
fashion of torpedo boats. 
When thus engaged she 
will have reeourse to her 
torpedo tubes. But we 
have shown the principal 
luty of the new craft will 
be to drive off and annihi- 
late with gun fire the tor- 
pedo boat torments of the 
battleships and cruisers. 
Speed alone will enable 
the ** Bailey” to do this, 
and this speed the catcher is expected, by reason of her 
size, to maintain in a high sea, 

The “ Bailey” is essentially a seagoing vessel. Her 
bunker capacity is deemed sufficient to enable her to 
steam three thousand knots at economical speed. In 
time of war she may be expected to accompany the 
battleship fleet, and to serve both as a scout and de- 
fense for the heavier vessels. 

SUBMARINE TORPEDO BOAT ‘ HOLLAND.” 

It is probable that the introduction of a successful 
submarine torpedo boat will mark one of the greatest 
revolutions that ever occurred in naval warfare, for 
there is a general belief that a thoroughly efficient 
under-water warship would have the above-water ship 
at its merey. We think this belief is well founded. A 
submarine torpedo boat, because of its invisibility, is 
deadly by day and in the open—it will be doubly so by 
night. No searchlight would be powerful enough to 
detect the insignificant conning tower of an approach- 
ing submarine boat before it was well within striking 
range. No roadstead would be secure from its attack, 
and no fleet would dare to enter a harbor defended by 
these invisible, swiftly moving and destructive little 
craft ; indeed, it is difficult to imagine just what would 
happen if a flotilla of such boats were dispatched 
against a fleet of the enemy’s ships. 
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LONGITUDINAL SECTION THROUGH HOLLAND SUBMARINE BOAT. 


In 1895 Congress authorized the construction of a 


| 


the same type, which has just undergone a series of yards under water. 


official tests in New York Bay and has given good 
satisfaction. The ‘* Holland” (as she is called) is a 
smaller boat, being 55 feet long, 1044 feet in diameter 
and of 75 tons displacement. The steel hull is of a 


blunt cigar shape. Two sources of motive power are 
furnished, a gas engine being used at the surface and a 


When the boat is at the surface of the water she can 
be steered by observation through the portholes of the 
conning tower. When she sinks below the surface a 
|small tube, earrying at its top an inclined mirror or 

prism, in the manner of the camera lucida, will throw 
la picture of the surrounding waters upon a board in 
the conning tower. The 
vessel also carries a com- 


ater |Tank 


pass and an automatic 

gage showing the depth 
below the surface. 

eee — 

SECOND-CLASS BATTLESHIP 
“ MAINE.” 

WE feel that any de- 

scription of the United 

States navy which failed 


motor run by storage batteries when the boat is sub- 
merged. The storage batteries, which are of great 
weight, are located amidships. Above the storage 
batteries on each side of the ship are located the com- 
pressed air tanks, from which fresh air is supplied to 
the crew when the boat is submerged. The gas engine 
and electric motor operate a common shaft, the gas 
engine being located just ahead of the motor. This 
arrangement, it will be seen, enables the motor to be 
utilized as a generator for charging the batteries. 

The cellular bottom of the little vessel is utilized for 
the storage of the liquid fuel, and here are located the 
water-ballast tanks, which assist in trimming and in 
the operations of diving or rising to the surface. With 
the tanks filled and all the crew aboard there is a re- 
serve buoyancy of 250 pounds, and the boat is caused 
to sink by altering the pitch of the horizontal diving 
rudders, the forward motion of the vessel, combined 
with the downward pitch of the rudders, combining to 
force her below the surface. She is maintained at the 
required depth by means of delicate automatie mech- 
anism, similar to that used in the automobile torpedo. 

The offensive powers of the ‘* Holland” are very for- 
midable. In the first place,she carries in her bow or 
nose an under-water discharge tube for launching the 
deadly Whitehead torpedo. She also carries two other 


to make mention of the 
ill-fated ‘‘Maine” would 
be guilty of an omission 
which the fact that this good ship is no longer in 
existence would scarcely excuse. Our reader will look 
for a cut of the unhappy vessel, whose appearance was 
as handsome as it is now familiar to the nation that 
mourns its loss. The lack of space prevents us from 
giving in this number such a full deseription of the 
‘*Maine” and the circumstances attending its destruc- 
tion as we could wish, and, foreseeing this, we have 
published a special ‘‘ Maine” SUPPLEMENT, in which 
the history of the vessel, from the laying of her keel- 
plates to the disaster in Havana Harbor, is given at 
full length. 

The “Maine” was authorized in 1886, at the same 
time as the “Texas,” which now forms part of the 
Flying Squadron at Hampton Roads. In the earlier 
days of her construction she was known as Armored 
Cruiser No. 1; but latterly she has appeared on the 
official register as a second-class battleship. Her hull 
was designed and built by the government, her keel 
being laid at the Brooklyn Navy Yard October 17, 
1888. The engines were of government design, and 
were built by the N. F. Palmer, Jr., Company, of New 
York. They were of the vertical triple-expansion type, 
and they were the first of this type used in the new 
navy, the earlier ships having horizontal engines, lying 
well below the water line. 


discharge tubes for firing guncotton projectiles. Unlike 


SECOND-CLASS BATTLESHIP “ MAINE.” 


The ‘“* Maine” was an excellent representative of a 


7 


Displacement, 6,682 tons. Speed, 17°45 knots. Maximum Coal Supply, 896 tons. Complement, 374 men. Armor: Belt, 12 in.; deck, 2 in.; barbettes, 12 in.: turrets, 8 
in. Guns: Main battery, four 10-in., six 6-in.; secondary rapid-fire battery, seven 6-pounders, eight 1-pounders, four Gatlings. Torpedo tubes, four. Authorized 
1886. Destroyed in Havana Harbor, February 15, 1898. 
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TABLE OF THE NEW UNITED STATES NAVY. Jenuery 25, 1898, and was : eulgued to an ane horage at 
=— : : = = = —_— a particular buoy, where three weeks later, on the 
night of February 15, she was blown up and completely 
Heme, = Type of Ship. Pima... | Speed. Armor. Main Armament. destroyed, and the lives of 266 of her crew were lost. 
ss a Pees A = A Court of Inquiry of the United States navy, after an 
xhaustive investigation, found that, “in the opinion 
Atlanta, 8-in. B. L. rifles, e 
ton, | 1688 | Protected cruiser, of the court, the ‘Maine’ was destroyed by a submarine 
1883 4,500 | 151 = mine, which ven the partial explosion of two or more | 
1883 Dispateh boat. 1,48 | 155 gre of her magazines. 4 ¢ 
Charleston.......... 1885 Protected cruiser, 3,730 18 20 2 “to in. deck. 66" « 
Newark. . 4008 | 1900; 2 38 * TORPEDO BOATS BUILT, BUILDING OR AUTHORIZED. 
Maine 1886 battleship. 6,682 17°45 8 “wl in. “ — 
Balti 43” “ Plungert*.. 1893 168 su 
| 9886 | Protected cruiser. 4413 | 20°09; 2%“ to in. deck. 66" 18:2 
14 3 1-pounder R. 4 Rodgers 
Cushing. ... 1886 Torpedo boat, 005 | | 3 to 142 245 
212 B. L. rifles @ Porter ..... 1805 190 
Monterey 1887 Monitor. 4,084 136 7%“ to13 in. 210 * 7 Du Pont 
Philadelphia . | 1887 Protected cruiser. | 19.68 1896 146 30°5 
San Francisco, ...... | 1887 10 A. M. Cravent. “ 146 30°5 
Bennington........ | 1887 Gunboat. ino | deck. 6 6 Farragut?........ “ 273 30°0 
Concore 1887 1, 710 16 8 | 3 to 6 in deck 12 Davist. 1322 2 5 
New York....... 1888 Armored cruiser, 8,200 21°00 | 4" “10 RE 13 Fox?. oe 12 5 
Detroit 1888 Cruiser. 2,089 18 71 wh 19 Stringhamt .... 1897 340 30°0 
213 19 00 “ 2 to 33 Torpedo Boats} ...... 1 27-0 
|Protected cruteer. 8, 1 2% 110 . 400 31°0 
Bancroft....... 1888 Training ship. 839 | «14°37 R. F. Purchased 1898 46 17°0 
1889 | Gunboat. 1,177 16 08 5 4in. R. F. 
1 8“ B. L. rifle. ay 
: Columbia, ...... | 1800 cruiser, 7,373 | 228 R. F. rifles. & Fi £8 
42“ BL St. Lonis, .......0.. Cruiser. 12 11,620 
St. Paul.. 12 6-in. 11,629 } 2 
TOWA.... | 1802 |Seagoing battleship, | we; e Yale (Paris)........ “ 125-in. 10,500 20 
3 “ “ “* Harvard (New York)... 12 5-in 10,500 | 20 
| 1892 [Armored cruiser. 9271 | 21:07 \3 « RF. \ 147-in 
Helena, Nashville and W 1803 |Giunboats 1,302 16°00 | sae" Nictheroy........ 7 dynamite gun. 19 
Submarine bout—Plunger. 1893 |Torpedo boat. 168 | 2 torpedo tubes. ( torpedo tubes. 
3 1-pdr, R. F. guns. Yankee, Prairie, “ 105-in. | 14°65 
Nos, 3, 4 and 5%. 184 142 318-in. Whiteheads. Yosemite... 6 6-pounders. |; ™ 
| 189 “ “ 11,525 | 16°00 do. eves Repair ship. 
New port. 180 “ 1,000 | 12°29 do. do. Scorpion... .... Gunboat, 5-in., 6 6-pdr.| “687 17°8 
Pring t ton... 1,000 12°00 do. do. 300 | 16 
NE ~ 1805 “ “ 1,000 12°7 do, do. Five converted yachts. . land 6-pdr. |~ to | to 
1,000 | 12°88 do. do. ( | 18 
Nos, 6*, 7*, 8* 1895 | First-class torpedo boats, 199 | do, pd . Thirteen converted tugs.| Scout boats, 1-pdr. and é-par.|} to 
Alabama, Wisconsin, ¢....... 1896 |Nea-going battleships. 11,525 16°00 6 in. to 18 in, 1,000 ¢ 
i Thitehe: Six colliers......... Coal ly 6- lers. | to 
| 2 18-in. Whiteheads. os wee Hospital. 3.800 | .. 
No. 11* t..... 106 | 273 | 30°00 | Store ship. 2.200 
Nos, Lit, 16* 136 | | 20°00 } 2 18-in, Whiteheads. 
| “ “ "white ==. revenue cut. | to 
Nos. 17, 18% | 1896 65 | 20°00 +1 ean. OTB. 
1897 | Torpedo boat destroyer. 340 | 30°00 ee White Nore.—The auxilis ary fleet is being steadily increased as we go to press, 
NO. 20, | 4 6-pdr. R. F. guns, It will be noticed that the tables include the three 
1898 | First-class torpedo boats. 150 | 27°00 battleships of 12,000 tons and the twelve torpedo boats 
Nos, 34 to 52* ¢ 1898 | Torpedo boat destroyers. 4oo | 32°00 epdr and eighteen destroyers recommended by Congress this 
. tt f year, giving a complete statement of the strength of 
Three Battleships$.... 1898 | First-class, sea-going, 12,000 | rapid- rune year, & 6 I 
6 6-in, R. F. rifles our modern navy. As we have shown elsewhere, the 
ow | * completion of the present programme of construction 
Topeka ( ead ee 1898 |Cruiser. 1,800 | 16°00 will strengthen it where it has hitherto been somewhat 
Manley “ 1898 Torpedo boat. { weak, namely, in battleships and torpedo boats. 
1898 * | It isan excellent fleet, and the worst criticism that 
COAST DEFENSE MONITORS. ean be wade upon it is that it is altogether inadequate 
Amphitrite . 1885 |Coast defense monitor. 3,999 105 5 in, to 11% in. ; 4 10-in, B. L. rides, in num ders to properly represent one of the most pow 
Miantonomoh 105 | “ “ 10°5 erful nations on earth, Powerful as are our battleships, 
1885 | “ “ “ “ 12-00 5“ 11% “ swift as are our cruisers, they do not in the aggregate, 
Merron... ... 1885 “ “ “ “ 10°5 40"*BL compared with the other navies of the world, give an 
1 * “ 6,000 | Boe am adequate representation of the wealth and power of 
A the nation whose flag they carry. 
SINGLE-TURRET MONITORS (CIVIL WAR). 
Wahopan, We trust, however, that recent events have brought 
tan, Wyandotte...... 1688 | Si. 2 15-in. smooth-bores. | home to Congress the imperative necessity for large 
Nahant, "Nantucket, | (1888 18 | 54 |  |and systematic additions to this right arm of a nation’s 
defense. We venture to say—and we take the splendid 
* See torpedo boat table, + Building. + Authorized. performance of the various ships as shown in the pages of 
type which was popular at the time UNITED STATES NAVAL ORDNANCE. this issue as our witness—that there are no appropria 
she was designed. Her main battery tions of the public money that are granted to better 
of four 10-inch guns was carried in | | woe | || PUrpose than those for the upbuilding of our new 
two turrets, one forward on the Weight | Length. | navy. Not merely have we created an entirely new 
¥ starboard beam, the other aft on and efficient fleet, but in the very act of construction 
true | we have opened and established new and profitable 
the port beam. The superstructure | . 4 | | a7 | 3s | 2000 | 
deck was cut away athwartship and | gin . | sof as | | | industries. work turned out from such firms as 
fore and aft to allow the four guns] sin sun,MeklL . 5 2-8 | 135 | 26t029 eo | 2000 1,660} 19-0 || the Carnegie Steel Company, the Bethlehem Iron 
to be concentrated ahead, astern] sin 5s | 3-2 | | 28t030 so | 2300 | 1,834) 13-0 Company, the Carpenter Steel ¢ and from our 
or on either beam—an arrangement arsenals at Washington and Watervliet, has earned a 
Gin. nue, Markl. 6 | 48 | 158 50 100 | 2000 | 2,773)) .. end 
similar to that on the Brazilian ship ] gio. nun, Mark IL 6 | 49 | 162 | 450048 100 | 2000 an pore exercised a powertul for- 
“Riacheulo,” to which she bore | Mek It, ws | 100 | 9000 mative influence upon the science and art of naval de- 
some resemblance. She also carried | 6 in. nu, Mark TIL, of 35Cal..| 6 | 5-2 | 18°8 a 100 | 2080 | 2,990/ 14-8 | | Sign and construction the world over. 
six 6-inch cur Gin. Mark IL, of Cala.| 6 | 60 | 21-3 100 | 2150 | 3,208| 15-6 
gu on the main | we | 194 We can searcely close without a reference to the 
the superstructure deck, penides gin. mum, Mark IIL, of 85 Cala. | 8 | 13:1 | 25-4 250 | 2080 | 7,498| 20-6 | | navy to the test of actual conflict. We regard the issue 
numerous rapid ave battery. She] gio arm, Mark UL, of 8 | 15-2 | 28-7 250 | 2150 | 8,011) 21-6 | | with complacency, partly because of the excellence of. 
had a speed of 17°45 knots, and al- | 10in. sun, Mark L, of 90 Cals 10 | 25-7 | 27-4 | 225t020 | S00 | 2000 | 13,864) 4-0 | | our ships, but chiefly because of the splendid efficiency 
ther an efficient ship join Mark of 85 Cale 10 300 4,709 | 25-8 | | and courage of the officers and men to whose care the 
= Spare a f om = 1, of 10 | | soo | 2000 | 13,864] 24-0 | | Ships are intrusted. 
Maine" was ren soo | | 15,285| 28-6 To assist the reader in following the various naval 
avana Har din . 12 | 45-2 | 425 sso | 2100 | 25,985| and military operations of the Cuban campaign we 
certain riots which imperiled the } . .| | | we sso | 1100 | 2100 | 33,627| || have prepared the very accurate and detailed map 
safety of American residents on a“ which accompanies this issue. 
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ASBESTOS FIRE- FELT COVERING. 


THE UNEXCELLED 
NON-CONDUCTOR. 


Cylindrical Sections for Pipe 
Py Sheets for Boilers and other large 
surfaces. 


Kearsarge Packings for High Speed Engines; Sheet Millboard; Asbestos Non- 
Burn Building Papers—absolutely fireproof; Cements for Stove Lining, etc. 


LIQUID PAINTS. 


THE STANDARD PAINTS FOR STRUCTURAL PURPOSES. 


ASBESTOS 


” a Specialty, 


for ‘“‘Artistic House Painting 


BP PPP PALL I IID I LL LI LD 


ASBESTOS ROOFING VULCABESTON 
| for Electrical Purposes. 


Moulded Mica Weather-Proof 
Keyless Lamp Sockets, for Brack- 
et Fixtures. 


VULCABESTON INSULATING 
Asb’stos Roofing and Insulating Pelts. SHEETS. 


Fire-Proor, WaTER-PRooF, These Insulating Sheets are 
Vermin-Proof, Acid-Proof, Inde- used for lining Cut-out Boxes 
structible. These words describe | and Rheostats, and also for in- 
briefly our line of Roofing and ‘sulating armature grooves and 
Felts. We have a variety of sections, for fire-proofing electri- 
styles and prices. | cal apparatus, etc. 


H. W. JOHNS M’F’C CoO., 


100 WILLIAM STREET, - - - = NEW YORK. 
CHICACO. PHILADELPHIA. BOSTON. LONDON. 


Every American 
soldier and every 
American sailor 
should carry the 
best American 
watch. 

The original 
American watch 
was a Waltham 
watch. Waltham 
watches are now, 
as they always 
have been, the best 
American watches. 


ESTABLISHED 1860. 


PORTER FOUNDRY AND MACHINE CO. 


Darragh Street and River Avenue, ALLEGHENY, PA., 


Manufacturers of 


Engines, Boilers and Gastings. 
Marine Engines, 


Single & Double. 


Prices from $250.00 up. 
In Single Type from $150.00. 


Can be used for land purposes also, 


BOILERS, WITH AND WITHOUT DOME, 
FROM $300.00 UP. 


Correspondence Solicited. 


Price, single, - $135.00 up; Double, - $225.00 up.| 4 


THE YARYAN COMPANY, 


JOHN W. WELCH, General Manager, 
142 TIMES BUILDING, NEW YORK. 


THE YARYAN SYSTEM OF FILM EVAPORATION. 


OVER 400 MACHINES IN USE FOR THE FOLLOWING PURPOSES: 


Sugar Refining—Cane Sugar 
Juice — Glucose — Glycerine — 
Waste Alkali— Liquors from 
Paper Mills—Glue and Gelatine 
—Tank Water for Slaughter 
Houses — Bark and Wood Ex- 
tracts—Caustic Soda—Distilling 
Water for Artificial Ice and 
Drinking—Fresh Water from Sea 
Water. 


The Yeryen aystom is use on 
150 ships. 


This system and apparatus possesses the following advantages over others: More economical in steam, 
space, and cost—automatic and simple in operation—easily cleaned—double the evaporative efficiency. 


SEND FOR CATALOGU 


50 YEARS’ 
EXPERIENCE 


TrRavE Mar«s 
DESIGNS 
CopyriGHTs &c. 


Anyone sending a oketch and description may 
quickly ascertain our opinion free whether an 
invention is probably patentable. Communica- 
tions strictly confidential. Handbook on Patents 
sent free. Oldest agency for securing —— 
Patents taken through Munn & Co. receive 


special notice, without charge, in the 


Scientific American. 


A handsomely illustrated weekly. Largest cir- 
culation of any scientific ae vumal. Terms, $3 a 
year; four months, $1. Sold by all newsdealers. 


MUNN & New York 


Branch Office, (25 F St., Washington, D. C. 


We oon build refrigerators of all kinds and 
sizes for oll purposes. 


Write for Catalogue. 


‘.. 30 for Hotels and Public Institutions. 
for Private Residences. 

10 for Meat Markets. 

15 for Cold Storage Houses. 


MAGNESIA SECTIONAL COVERING 


Over 85% Carb. of Magnesium. 


The ONLY Genuine Magnesia. 
Others so-called are FRAUDULENT. 


USED ON 


Nine-tenths of the U. 8. Government ves- 
sels. 


More High-Class Yachts than all other Cov- 
erings Combined. 


All Leading Steamship, Steamboat, Towing 
and Dredging Lines, etc. 


Send for References, Tests, Prices, etc., 
to 


ROBERT A. KEASBEY, 


83 Warren Street, NEW YORK. 
13 Terrace, BUFFALO, N. Y. 


ete., 
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SHINGLE STAINS, WOOD STAINS, VARNISHES, ETC. 
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| 
a — ; 
| 
| 
| | 
| 
me 
| 
| 
“| 
No Poison or Foul Smell in « 
Substantial! with a ae 
cconomy in ice. The automatic circulation of 
old air is perfect. If you will send us measure- Or" AS 
‘ments, we will build the refrigerator to order, 80 Nl CON , 
@ ‘at it will ft in the nook intended forit. Keep 


PITTSBURGH, 


Manufacturers of all kinds 
Light Forgings, Standard Railway Track Tools, 
Mining, Quarrying and Construction Tools 


Made from Special 
CRUCIBLE SPRING STEEL 
Cannoé be 


NEVER KNOWN TO FAIL «/ 
ON OR WOODWORK * 


EUREKA NUT LOCK, guaranteed to hold Nut and Bolt 
Strongest spring lock ever made. 

Many in use on Track Joints, Engines, Cars, 
Car Tracks, Bridges and Machinery. 


secure. 
any Nut. 


PA., U. S. A. 


Wron, 


Can apply with 


WEBER 
GASOLINE ENGINES 


Sizes, 4 to 100 H. P. 

Operating on 
GAS, GASOLINE, 
DISTILLATE, 

CRUDE OIL, 
KEROSENE, etc. 

Costs to run about | cent for 
each H. P. developed per 
hour. 

NO COAL. NO DANGER. 
Used anderground or 

ou the dump. 

Send for catalog. State 
size and style wanted, or 


POWER FOR 
EVERY PURPOSE. 


€ A describe work to be done. 
ENGINES. Weber Gas and 


Gasoline 
Engine Co., 
412 S. W. Boulevard, 
KANSAS CITY, MO., 
U.S.A. 
CABLE ADDRESS: 


“ Webergas.” A. B.C 
and Lieber’s Codes 


| principles, 
| men in every walk of life should know how to use | 


LEWIS NIXON, 
SHIPBUILDER 


Office and Works, Elizabethport, N. J. 
Builder of Stern Wheel, Paddle and Screw 


STEAMERS, 
TORPEDO BOATS 
AND BARGES 


OF ALL KINDS IN STEEL. 
A Specialty made of 
South American and Alaskan River Boats. 


WILL POWER 


gained by self-development along strictly scien- | 
tific lines. Personal Magnetism the secret , 
of allsuccess. Man the ruler of his own destiny. 
Hypnotism a scientific art based upon natural 
Lecturers, teachers, healers, public 


these great forces. Increases the salary of the 
employe, assures the fortune of the business man 
and surrounds the society woman with friends. 
“ Key to Power " 30 cts. or 12 cts. and addresses of 
three friends likely to be interested in our b-oks. 
Circulars free. PROF, L. H, ANDERSON, 
8. A., 58 Masonic Temple, Chicago. 


41. 
| had at this office and from all newsdealers, 


> 
3 THE “SOLAR” | 


angle, and to any 
The New Acetylene Gas Bicycle Lamp 


height from 28 in. 
to 45in. Is firm and 
durable. Made for 
use. 
Wel hs Ship- 
ped knock down, 
Send for catalogue. 


Adjustable Drawing No more 
able Co., Powers SOOT, 

SMOKE, 

Grand Rapids, Mich. GREASE 

nor DANGER 
” It can’t jar or blow out like 

The “Wolverine” Three Cylinder Gas- neta 

oline Marine Engine. ABSOLUTELY NON-EXPLOSIVE 


The only reversing and self starting 
gasoline engine on the market. Lightest 
engine for the power built. Practically 
no vibration. Absolutely safe. 
Single, double, and tmple marine 
and stationary motors from % to 
SH. P. Write for catalogue. 
WOLVERINE MOTOR WORKS, 


Grand Rapids, Mich. 
Also Yachts and Launches complete. 


Light costs 4% of a cent an hour. Throws a 
clear, white light 100 feet ahead. ¢#” Send for 
Circular No. 10, which tells all about the 


Greatest Bicycle Lamp of the Year 


From your dealer 


or sent prepaid for $4.00 


Badger Brass Mfg. Co., Kenosha, Wis. 


MANCANESE BLACK 
MAROON 


IRON Pain CREEN 


For Structural Iron, Trolley Line Poles, Bridges, Tin Roofs, and all EXPOSED METAL WORK 
Brilliant, Durable, Economical and a sure protection against Rust. 


SETS QUICKLY: RAIN PROOF IN LESS THAN ONE HOUR. 


SEND FOR CIRCULAR. 
HEDDEN & WHEELE VARNISH MAKERS, NEWARK, N. J. 
WALTER WELLMAN of Washington, D.C. 


Established 1859. 
has them for his polar expedition. 


Capt. J. E. BERNIER of Quebec, Canada, 
takes them on his polar expeditions. 
= = Lieut. FRED’K SCHWATKA explored the 
Yukon River, Alaska, with them. 

Perfect Canov Models ribbed diagonally and longitudinally with galvanized steel wire. 8 to 20 feet 
lone. Capacity 300 to 4,000 Ibs., weight 25 to 125 lbs. 
Finest sportsman Canoes made. nd stump for catalogue, 


KING FOLDING CANVAS BOAT COMPANY, Kalamazoo, Mich., U.S. A. 
‘THE NEW BRISTOL COUNTER 


Simple and Strong. Capacity, 12 to 0 tons per day. |; 


Thousands in Brassica use. Fully guaranteed. 
GEO. ERTEL CO., Quincy, UL, U. S. A. 


ters an accurate acco unt of work done on print- 
presses, grain tallies, weighing, mongering and 
other automatic machines. Counts up to 1,000000 and 
| repeats automatically. Simple, accurate, durable. Spe- 
cial counters to order. Send for circular, _ 

C. J. ROOT, Bristol, Conn., U. S. A. 


THE ERTEu VICTOR INCUBATOR. 
" Endorsed by Board of Fire Underwriters. 

SUPERIOR TO 
COTTON WASTE. 


311 Walnut St., PHILA., PA. 
Endorsed at the recent meeting of N. E. Cotton Mfrs. 


MONTAUK MULTIPHASE CABLE COMPANY 
100 BROADWAY. NEW YORK. 


Hatches chickens by steam—1000s In use. Absolutely 
self-regulating, fully guaranteed. The simplest, most 
reliable and cheapest first-class hatcher in the market. 
Address GEO. ERTEL CO., Quincy, Ill, U.S.A. 


wa 


CUNSTRUCTION OF CaBLE. 
MANUFACTURERS OP 


TIPHASIC-AUTOMATIC-THERMOSTATIC 


ELECTRO MOTOR, SIMPLE, HOW TO 
make.—By G. M. Hopkins. Description of a smal! elec- 
tric motor devised and constructed witb a view to assist- 


ing amateurs to make a motor wight 
with advantage by a current derived from a battery, an 
which would have sufficient power to operate a foot interior Electric Cables. 
lathe or any machine requiring not over one man pow- ‘As reliable as @ Galvanometer. Infallible in action. Continu- 
er. With fl figures. Contained in SCIENTIFIC AMER- ously thermostatico—every infinitesimal part thereof is an alarm 


ICAN SUPPLEMENT, No. 644. Price 10 cents. To be} statiom to give warning Of dangerous heat, or flame, or trouble. 


H. K. PORTER & CO., 


LICHT LOCOMOTIVES, 


Builders 
eee 


544 WOOD STREET - - 


PITTSBURC, PA. 


Steel works locomotives used by Carnegie Steel Co.. Jones & Laughlins, Schoenber- 
ger Co., Johnson Co., Otis Co., Mlinois Steel Co., Maryland Steel Co., Cleveland Rolling 
Mill, 4tna Standard, Ohio Steel Co., Shenango Valley and many others. 

Locomotives furnished United States for Muscle Shoals, Washington Navy Yard, 
Mare Island, Sandy Hook, Yakima, Astoria, Columbia River, Siuslaw River, Tombigbee 
River, Coosa River, Apalachicola Bay, Pensacola, Illinois and Mississippi Canal, Poto- 
mac Flats, Fort Monroe, Fort Hancock, Fort Washington, Fort Schuylerand other places. 

Photographs, specifications and quotations on application, 
Compressed Air Locomotives for underground or surface haulage. 
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NAVY EDITION OF THE SCIENTIFIC AMERICAN SUPPLEMENT. 


IMPORTANT FORTHCOMING PUBLICATIONS. 


POPULAR SCIENTIFIC LECTURES. By Ernst Mach, Professor in the University of Vienna. 
Third Edition. Revised ard greatly enlarged. 8vo. Pages, 415, Cuts, 59. Price, $1.50 net. 
‘Has scarcely a rival in the whole realm of popular scientific writing.”— Boston Traveller. 

THE SCIENCE OF MECHANICS. CrrricaL AND Historica. By Prof. Ernst Mach. Cuts, 250. 
Pages, 534. Half Morocco, $2.50. Send for Special Circular. 
“A remarkable work.”’— Nature. 
“A masterly book.”—Engineering News. 

RUDIMENTS OF BACTERIOLOGY. By Dr. 
Ferdinand ange. Professor of Hygiene in the 
University of ue. 28 Woodcuts. Pages, 
300+ «=> Price, $1.75. A new book, just trans- 
lated. The = rigorous and strictly up-to 
on to Bacteriology existing. 
(May. 

THE GOSPEL ACCORDING TO DARWIN. By 
Dr. Woods Hutchinson. Pages, circa 300. Price, 
$1.50. A collection of homiletic essays treating 
the crying religious and ethical problems of the 
day in the light of the revelations of modern 
science. (June.) 


LECTURES ON ELEMENTARY MATHEMATICS. 
By Joseph Louis Lagrange. With portrait of 
the author. Pages, 150. Price, $1.00. Includes 
lectures on “ Arithmetic,” “ Algebra,’ ** The 
Resolution of Numerical Equations,” and ** The 
Usage of Curves in the Solution of Problems.” 
A masterpiece of mathematical exposition. 
Never before published in English, nor in 
separate form in French. (In Preparation.) 


Diawram of a photographed projectile, showing the light 
interference produced by the sound-waves which it 
creates in its forward rush. See popular Scientific 
Lectures, by Ernst Mach, Copyright by THE OPEN 
COURT PUBLISHING Co. 


THe Open Court Publishing Zo., 


324 Dearborn Street, CHICAGO, 


We're Just as Thank! 


For an order for a single buggy. as we are 
toradozen. Lf we get your trade for one 
item others will come in time, ‘That’s how we've built up 

our mammoth business. 
Our large illustrated catalogue No. 17 will interest you: it tells 
how good and how cheap our Harness, Saddles, Buggies, and 
Can we send you our No. 107 Catalogue free? 


MUR 


Wagons are. 


CINCINNAT!, OHIO. U. 


BRENTAN O’S 
ANNOUNCE A MOST INTERESTING LINE OF 
BOOES ON CUBA 


AND A VERY COMPLETE STOCK OF CENERAL LITERATURE. 
Grover Flint, Marching with Gomez.................+-.+- $1.38 by mail $1.32 


MURRAY PHAETON MURRAY HARNE 


Rowan & Ramsay, Island of Cuba, with Map......... _. 1.10 
Murat Halstead, The Story of Cuba................ « 1.07 6s 2.25 
Richard Harding Davis, Cuba in War Time... ...... .98 66 1.10 
Stephen Bonsall, The Real Condition of Cuba.......... 48 
Government Map of Cuba..... 2.00 6 2.25 

All Books at Sweeping Reductions BRENTANO’S, 
from Publishers’ Prices. 81 Union Square, 

Monthly Bulletin free upon request. NEW YORE. 


A College Education for 7 Cents a Day 


Improve your condition. 
Thorough courses, by mail, in Me- 
chanical, Steam, Electrical, Civil, 
and Sanitary Engineering. Me- 
chanical Drawing and Machine 
Design easily learned by our meth- 4 
ods. Small tuition fees—cash or 
monthly installments to suit your 
convenience. Courses in the Home 


The OLDS Gasoline 
Engine g 
reaches nearest per- ‘ 
fection in econumy, 
reliability and sim- 
plicity. Ask forour 
catalogue and 
convinced. 
Box 418 


Olds rine Ws 
Lansing, Mich, 


| Trades. Write for free S.A. Oircu- 
lar, containing sample instruction 


drawing plate, ete. State subjects 
interested in. Special inducements 
to those enrojling now. 


THE UNITED CORRESPONDENCE SCHOOLS, 


F. W. EWALD, Gen, Mgr. 154, 156, 158 Sth Ave., New York 


All Shooters 


of Rifles, Pistols and Shot Guns find 
it to their interest to possess a copy of 
the Ideal Hand Book *‘A,”’ sent 
Free if you mention the Scientific 
American and inclose three 2c. stamps. 
Contains 116 pages of valuable informa- 
FURNACES tion gained through 25 years of experi- 
i ence with Arms and Ammunition. It 
For Assayvers, Chemist§, is worth dollars. 

Experimenters, Small} IDEAL MFG. COMPA NY. New Haven, Conn. 

Manufacturers, etc. 


No dust. No ashes. MY OWN ” CYCLES 
Cheap, effective, economical, portable and automatic. with P. t i 
SEND FORK PRICE-LIST TO with pedals 
them. 


81 South Clark St.,R 8, 


HOSKINS’ PATENT 
HYDRO-CARBON 
BLOW PIP 


and 


SPANG, CHALFANT & CoO., 


ETNA IRON*’ TUBE WORKS 


PITTSBURGH, PA., 


WROUGHT IRON WELDED TUBES, 


MANUFACTURERS OF 
For GAS, STEAM, WATER, 

OIL, etc., 
Also Boiler Tubes of both Charcoal Iron and Steel. 


Search Lights 


FOR SMALL BOATS. 
BRILLIANT GAS LIGHT 


PRACTICABLE, 
CONVENIENT, 


ECONOMICAL, 
AND 


For Cabins of any size may be had from the same generator. 


ACETYLENE GAS 


Generators for ALL purposes, from the smallest Portable size 
to Stationary ones of the largest capacity. 


CUBAN QUESTION ILLUSTRATED 


New Lists of Lantern Slides covering the War; Life in the 
Navy and Maine Disaster. 


EVERYTHING FOR THE LANTERNIST 
Write us for information, stating the subject in which you are 
interested and mention “SCIENTIFIC AMERICAN NAVAL SUPPLEMENT.” 


COLT CO., Dept. 


Street, New York. 
SAN FRANCISCO. 


3 to 7 West 29th 


CHICAGO. 
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SEE HYDRO-PNEUMATIC ASH EJECTOR. AIR and GREASE EXTRACTOR, JAMES REES & SONS CO., STEEL 
EVAPORATOR and FEED WATER HEATER. WATER TUB: BO:LER,|@3 wav na st 


PITTSBURG, PA., U. S. A. 
1, Hydro-Pneumatic 
Ash Ejector. Avoids dust 


be and noise. Saves coal, Light- 
—GLD_AND NEW BOILERS—YACHT “ELECTRA.” labor. Prevents injury 
a - to paint. More than 400 new 


fitted and ordered, Fitted 
with or witout automatic at- 
tachment. Taylor’s su 
plementary jet at bend in 
use on Steamer Cumber- 
land,”’ ete. 

2. Air and Grease Ex- 
tractor. Prevents greuse 
in boilers. Does not reduce 
temperature of feed water. 
Can be quickly cleaned. In 
useon 8 8. El Rio,” Mor- 
gan City,” ete, 

3. Evaporator and 
Feed Water Heater. 
Rapid in its work. No pump 
required. Coils readily shed 
alldeposit. Of light weight. 
In use on 8.5. * Bi Norte.” 

on” vuisiana,” Yacht “Almy” 


Water Tube Boiler. 
Straight sub-vertical tubes 
of email diameter. Safe, 
light and durable. No cast 
metal. Combined induced 


BY CONTRACT. 


and forced draft, In use on 
Yacht “ Electra, 


+ Russell-see Runnin he Indicator. Adomed by White Star Line, Morgan Line, ete. 
Russell-See Contrel ue Device for Electric tors » the turning of turrets on warships, or 
the “mi ving of rudders or guns, or siuznal apparatus of any kind, et 


All patented tn the United States The Ash Kjector, Boller, Running L taht Indicator, Evaporator and Control- 
ling Device are patented abroad. In order to avoid infringement apply t 


HORACE SEE, No. | Broadwav, NEW YORK. LOCOMOTIVES, TANKS, STILLS and IRON WORK GENERALLY. 


W.&A. FLETCHER CO.. |The Allen Dense Air lee Machine 


Proven by ten years’ use in the tropics by 
S. Men of War, Steam Yachts and large Kak 
ger Steamers. Demanded by the specifications 
of all larger U. S. Men of War. 


H. B. ROELKER, 41 Maiden Lane, New York 


Designer and Manufacturer of 
Screw Propellers for usual and 
for special work. 


CONSULTING ENGINEER, 


Marine Engines, Boilers, &c. 
HOBOKEN, N. J. 


Take West Pourteenth Street Ferry from New York City Long Distance Telephone. 


“MALLINCKRODT” Tobacco Pipes TaD TASTES 


MORE “POISON IN THE BOWL,” This improved pipe is recommended by eminent phy- 
atu and smokers as one which takes away from smoking its most deleterious effect. The following is only one 
of bundreds of similiar testimoniais 
HARVEY & WATTS COMPANY, Philadelphia Peas. 


Deon Sree. cow been emoking my new Patent) for about « month; sufficiently long to fairly test ite claimed 
edvantages God that under test it he encomiums awar led it both by tnt and the scientific —y that ic is free from 
tas 


PER HOUR. 
The Ellide, - - 40°2 miles 
Presto, ---30° “ 
Feisen, -- “ 
Norwood, - - - 30°5 
Also Builder of the Mosber 


No. South Street, March 19, | 808 


joven years ago I was cons durnnz 


) means limited experie nee 


habit altogether ¢ 


cob to expensive 


ty Nene of th roubles have been aperteneed since puffing f r pipe, notwithstand: 
wher dye one hese trou! en rom you otwiths ing 

sas thereof are explained ie your circular. I have so often heen deceived by presentations regarding Patent Quadruple Expan- 
es and notions" fresh from the factory. that, but for the impartial and always correct representations of Tas “crestin jon Engine and ater 
natured his pipes + a a) wpon the mere statements of individuals. That reliable paper's endorsement should of itse!!, com Tube Boilers, which have 
4 © walter bad « qui om the use of ordinary pipes of the infinite superiority of yours. Again, this ees is Peallly « cheaper been su lied to nine of 

us wishous the pate tures. It both utile dulet. Now that smoking bas become feminine habit, and is growin: supp 
. he prediction that the demand for your pipe will be great on the par’ of the ladies, that the “erase” wood pipes, the. A, ow Boats in the 

Yours is beth shape and Gnish U.S. Na 

prolixity, but am so euthused on the subject that I find it difficult to “ bold in.” Yours truly, RYLAND RANDOLPH, Lustrated Cata- 


Bowls are made of the best French Briar (also of corn cobs) in various designs 
and finish, end with each pipe is furnished a package of absorbent tubes. 


e_— (2 Send for illustrated cirewlar “ 8. A.” and price list. Manufactured exclusively 
a =] by THE HARVEY & WATTS CO., Station E, Philade'phia, Pa. 


New York Office, 275 Canal Street. 


Charles D. Mosher 


1 Broadway, 
NEW YORK. 


| CaTaLceus FREE TO ANY ADDRESS 


Vapor ++ 
TE 


AT HOMIE. 
WORK 


Rohinson~" | 


by the best physicians 

\ for rheumatinn, neu- | = UNION MODEL WORKS, 
ralwia, la grippe, colds, | 191 &193 CLARK ST, CHICAGO. 
iver, skin, obesity, 
kid..ey troubles. Gives 
beautiful complexion, “4 ESTABLISHED 1656. 


ysoothes the nerves, 
prevents sickness, 


Mariner & Hoskins, 


I*% the Bureau of Construction and Repair, U. 8. Analytical and Consulting 


Navy, the Comptometer is used for 95% of » ll aptly EXPLOSIONS Chemists and Assayers, 


Price, $5.00 to §12.5°. 
THE ROBINSON FOLDING BATH CABINET 


is the only practical cabinet made. It is a perfect = , . nine 
cabinet; made of best rubber drill ; folds into all arithmetical work. Assures accuracy, rapidity J-M-ALLEN-PRESIDENT 
inches space like a screen; bas a Coor and is ready= and ease. Thirty-two have bee chased by th J-B-PYERce SECRETARY F-B-ALLEN- Vice 
for use instantly. ythe| | No. 81 South Clark St., Chicago, III. 
’ = United States Navy Department; Fifty-five by 
Don't Confound with Cheap imitations that = — ~ 
Pull Over the Head. = State Governments, and over 1,800 by Commercial Chemistry 

There is no other cabinet that givessuch universal: ®04 Manufacturing Houses for use on books. Applied t to. Mining, Geology. Agriculture, 

satisfaction. Sent with privilege of examinationand? Price $125.00. Write for pamphlet. Useful Arts, Metallurgy, Patents, Inven- 
tions, Medical. Legal, Commercial, and 


trial if desired. Good salary a: vd commision to one : 
Domestic Affairs. 


ta. i prestin, pooks, Tealth« 
FELT & TARRANT MFG. COMPANY 
900 6 Summ oledo, 0. | CHICAGO, ILL., U. S. A. other institutions for Cc ° 
Our large Catalogue of American and Foreign Scientific and 
Technical Books, embracing more than Fifty different subjects, and 
containing 11:6 pages, will be mailed, free, to any address in the 
world. MUNN & CO., 361 Broadway, New York. 
. ‘ IT GIVES A LIGHT THATS WHITE AND BRIGHT, 


AND TWO CENTS 1S THE COST PER NIGHT. 


The Bangs Automatic Oil Cup 


For Locomotive, Marine and Stationary Engines. 


SAVES SO PER CENT. IN OIL OVER ANY OTHER CUP. 


These cups have been in use on the engines of the American Line 
and Red Star Line for three years ; 


and Mr. James 8. Doran, Superintending Engineer of the International FOR N J 

N tion Co y, se “Fe sup: » the it perfect device fi UST 

OHIO ELECTRIC 


GP" Send for catalogue and other testimonials, 


E. D. BANGS, 1522 Cedar Street, Milwaukee, Wis. 


Foreig«u patents on this oil cup for sale, 


— 
( 
| 
| ST RISE ond | W 
Z 


| (GENERAL ELECTRIC CO.) 


STANDARD 
TYPEWRITER 


New .s. 
| — 
_ No. 6, 76 characters, standard width 

No. 7, 84 characters, standard width 


_ No. 8, 84 characters, wide carriage. 
_ WYCKOFF, SEAMANS & BENEDICT, 327 Broadway, New York 


e Candelabra, Decorative 


and Miniature Lamps.. 
RECEPTACLES, SOCKETS and SHADES. 


X RAY APPARATUS. WE ALSO RENT 
Coils, X Ray Tubes 


(Adjustable Vacuum), Electrically Illuminated 


Fluoroscopes Devices, 
(Barium Platino-Cyanide and 
Calcium Tangstate). Lamps and Receptacles, 
on 


MOTOR GENERATORS. 


lModerate Terms. 
Catalogue No. 9050. a 


Edison Decorative and Miniature Lamp Department, 
HARRISON, N. J 


$60 


is the price 
of 1898 popular 


Radler’ 


Dicycles 


Improved Washburn 
Patent Fasteners ¥ 


as applied to 
Bachelors’ Butt~ns, 
Hose Sap ers, 
Cuff Holders, 
Drawers Supporters, 
Pencil Holders, 
Necktie Holders, 


Therefore, NO OTHER 
WHEEL is worth MORE ! 


RAMBLER AGENCIES IN ALL CIVILIZED Coun- 
TRIES. UNIQUE BOOKLET Free. 


ADDRESS DEPARTMENT F, 
GORMULLY & JEFFERY MFG. CO., 


Chicago, Boston, Washington, New York, 
Brooklyn, Detroit, Cincinnati, Buffalo, Cleveland 
LONDON. 


Tees 


FOR BICYCLE OR ROAD VEHICLE 
Self Attaching. For Steel or Wooc Dims. 
Address Dept. F, for foreign agency st. 
Gormully & Jeffery Mfg. Co., Chicago, U. S. A. 


Acid Shoophate. 
Recommended and prescribed by physi- 
cians of all schools as a general TONIC and 


VITALIZER, and as a most satisfactory 
remedy in the following disorde -: 


Simple with nothing 
to break or get out of 
order, Hold with a 
bull-dog tenacity, but 
don't tear the fabric. 

Their utility makes them 
an absolute necessity. 
Any ot above sent, 

paid, on receipt of Soe, 

except 

Phosphor-Bronze Key 

Chains, which are 


Free! Handsomely Mustrated Catalogue sent on request 


AMERICAN RINC CO. 


BREINIG’S 
LITHOGEN SILICATE PAINT 


WHITE AND ALL COLORS. 


STANDS WHERE LEAD AND OIL FAIL, RESISTING ATMOSPHERIC 
ACTION IN ANY CLIMATE. ESPECIALLY ADAPTED FOR PAINTING 
ALONC THE COAST. COMPOSITION, SILEX, ZINC AND LEAD CROUND 
IN STRICTLY PURE LINSEED OIL. ANNUAL SALES HAVE INCREASED 
EVER SINCE ITS INTRODUCTION OVER 30 YEARS ACO. SAMPLE 
CARDS FREE TO ANY ADDRESS. 


WHEELER’S 
PATENT WOOD FILLER 


FILLS THE PORES OF THE WOOD PERFECTLY, FORMING A PER- 
MANENT BASE ON WHICH TO VARNISH. DEVELOPS THE NATURAL 


BEAUTY OF THE WOOD AS NOTHING ELSE WILL DO. 


HARD WOOD FLOORS. 


IT WILL PAY YOU TO WRITE US AND SECURE OUR SUCCESS- 
FUL METHODS OF FINISHING AND KEEPINC HARD WOOD FLOORS 
IN ORDER. 


THE BRIDGEPORT WOOD FINISHING CoO. 
NEW MILFORD, CONN. 


NEW YORK, 240 Pearl Street; CHICAGO, 215 E. Lake Street; 
BOSTON, 85 Oliver Street. 


“It’s ALL IN THE LENS.” 


< 
< 
> 
No Camera i . 
Lens. We ially recommend our outfits with our Turner-Reich 
Lens. Send for Ca 


talogue. 
Gundlach Ootical Co., 761-763 §. Clinton St, Rochester, N.Y. 


Indigestion, Heads 

Nervousness, Wak ‘ 

“A small dose taken before ret esh- 
ing sleep.” 


FOR SALE BY ALL D 


Our galvanized sheets bear this stencil. 


TRAD 


APOLLO BEST BLOOM GALVANIZED IRON. 


The best is Apollo. Soft, uniform, workable. Rolled just 
right; no buckling ; perfectly flat. 

The worker is at his best with it. 

Every sheet and part of a sheet guaranteed. 
Return for any defect whatever. 


Takes less time besides. 
Which means: 


Apollo Iron and Steel Company Vandergrift Building 
Pittsburgh Pennsylvania USA 


Absolutely Reliable Always 
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